Draft version October 21, 2010 

Preprint typeset using I^'T^]X style emulatcapj v. 11/10/09 



O 

(N 
> 

Q 

o 



I 

O ' 



o 

d 
o 



THE PHASES DIFFERENTIAL ASTROMETRY DATA ARCHIVE. I. MEASUREMENTS AND DESCRIPTION 

Matthew W. Muterspaugh^' ^, Benjamin F. Lane"', S. R. Kulkarni^, Maciej Konacki'^-'^j Bernard F. Burke^, 

M. M. COLAVITA**, M. ShAO'*, SlOANE J. WlKTOROWICz'^ J. O'CONNELL 
Draft version October 21, 2010 

ABSTRACT 

The Palomar High-precision Astrometric Search for Exoplanet Systems (PHASES) monitored 51 
sub-arcsecond binary systems to determine precision binary orbits, study the geometries of triple and 
quadruple star systems, and discover previously unknown faint astrometric companions as small as 
giant planets. PHASES measurements made with the Palomar Testbed Interferometer (PTI) from 
2002 until PTI ceased normal operations in late 2008 are presented. Infrared differential photometry 
of several PHASES targets were measured with Keck Adaptive Optics and are presented. 
Subject headings: astrometry - binaries: close - binaries:visual - techniques :interferometric 



1. INTRODUCTION 

A technique has been developed to obtain high pre- 
cision (35 jias) astrometr y of close stellar pairs (sepa- 
ration less than 1 arcsec: iLane and Muterspaughl l200l) 
using long-baseline infrared interf erometry at the Palo - 
mar Testbed Interferometer fPTI: IColavita et aLllTOOl ). 
This technique was applied to 51 binary systems as 
the Palomar High-precision Astrometric Search for Ex- 
oplanet Systems (PHASES) program during 2002-2008. 
PHASES science results included precision binary orbits 
and component masses, studies of the geometries of and 
physical properties of stars in triple and quadruple star 
systems, and limits on the presence of giant planet com- 
panions to the binaries. 

This paper is the first in a series analyzing the final 
results of the PHASES project as of its completion in 
late 2008. This paper describes the observing method, 
sources of measurement uncertainties, limits of observ- 
ing precisions, derives empirical scaling rules to account 
for noise sources beyond those predicted by the stan- 
dard reduction algorithms, and presents the full catalog 
of astrometric measurements from PHASES. The second 
paper combines PHASES astrometry, astrometric mea- 
surements made by other methods, and radial velocity 
observations (where available) to determine orbital solu- 
tions to several binaries' Keplerian motions, determining 
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physical properties such as component masses and sys - 
tem distance when possible (jMuterspaugh et aLll2010bl ). 
The third paper presents limits on the existence of sub- 
stellar tertiary companions orbiting either the primary or 
secondary stars in those systems that are found to be con- 
sistent with being simple binaries (jMuterspaugh et all 
l2010c[ ). Paper four presents orbital solutions to a known 
triple star system (63 Gem A = HD 58728) and a 
newly discovered triple sys tem (HR 2896 = HD 60318) 
(jMutersp augh et aTlbOlOal) . Finally, paper five presents 
candidate substellar co mpanions to PHASES binar ies as 
detected by astrometry (jMuterspaugh et aril2010dl ). 

Astrometric measurements were made at PTI, which 
was located on Palomar Mountain near San Diego, CA. 
It was developed by the Jet Propulsion Laboratory, Cali- 
fornia Institute of Technology for NASA, as a testbed for 
interferometric techniques applicable to the Keck Inter- 
ferometer and other missions such as the Space Interfer- 
ometry Mission (SIM). It operated in the J (1.2/im), H 
(1.6/im), and K (2.2/xm) bands, and combined starlight 
from two out of three available 40-cm apertures. The 
apertures formed a triangle with one 110 and two 87 me- 
ter baselines. PHASES observations began in 2002 and 
continued through 2008 November when PTI ceased rou- 
tine operations. 

2. OBSERVATIONS AND DATA PROCESSING 

plj The initial PHASES observing method and 
data processing alg or ithm were presented by 
ILane and Muterspaughl (j2004D . Incremental im- 
provements to these procedures were updated in papers 
from the PHASES science program. The final observing 
procedure and data processing algorithm is presented 
in complete form here. All astrometry measurements 
were reprocessed using the final algorithm presented 
here. Measurements taken with different instrumental 
configurations than the standard one presented here 
(for example, those lacking longitudinal dispersion 
compensation) are noted in Table O 

2.1. Astrometric Observation Method 
2.1.1. Optical Interferometers 

In an optical interferometer, light is collected at two or 
more apertures and brought to a central location where 
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the beams are combined and a fringe pattern produced 
on a detector (at PTI, the detectors were NICMOS and 
HAWAII infrared arrays, of which only a few pixels were 
used). For a broadband source of central wavelength A 
and optical bandwidth A A (for PTI AA = 0.4/^m), the 
fringe pattern is limited in extent and appears only when 
the optical paths through the arms of the interferometer 
are equalized to within a coherence length (A = A^/AA). 
For a two-aperture interferometer, neglecting dispersion, 
the intensity measured at one of the combined beams is 
given by 

/(.) = /ofl + l^^^^^^sm(2WA)) (1) 

where V is the fringe contrast or "visibility" , which can 
be related to the morphology of the source, and x is the 
optical path difference between arms of the interferom- 
eter. More detailed analysis of the operation of optical 
interferometers can be foun d in Principles of Long Base- 
line Stellar Interferometry (|Lawsonll2000( ). 

2.1.2. Interferometric Astrometry 

The location of the resulting interference fringes is re- 
lated to the position of the target star and the observing 
geometry via 

d = ^ + Sa(^~^,t^ +c (2) 

where d is the optical path length one must introduce be- 
tween the two arms of the interferometer to find fringes. 
This quantity is often called the "delay." 1^ is the 
baseline — the vector connecting the two apertures. ^ 
is the unit vector in the source direction, and c is a con- 
stant additional scalar delay introduced by the instru- 
ment. The term Sa (^,tj is related to the differential 

amount of path introduced by the atmosphere over each 
telescope due to variations in refractive index. For a 100- 
m baseline interferometer an astrometric precision of 10 
fiSLS corresponds to knowing d to 5 nm; while difficult, 
this is achievable for all terms except that related to 
the atmospheric delay. Atmospheric turbulence, which 
changes over distances of tens of centimeters and on mil- 
lisecond timescales, forces one to use very short exposures 
(to maintain fringe contrast) and limits the sensitivity of 
the instrument. It also severely limits the astrometric 
accuracy of a simple interferometer, at least over large 
sky-angles. 

However, in narrow- angle astrometry one is concerned 
with a close pair of stars, and the observable is a differ- 
ential astrometric measurement, i.e. one is interested in 
knowing the angle between the two stars (A^ = s^ — st). 
The atmospheric turbulence is correlated over small an- 
gles. If the measurements of the two stars are simul- 
taneous, or nearly so, the atmospheric term cancels 
out. Hence, it is still possible to obtain high precision 
"narrow-angle" astrometry. 

2.1.3. Sub-Arcsecond Differential Astrometry 

As illustrated in Figure [1] the light path of the 
PHASES astrometry program was as follows: 

1. Light was collected by two of the three siderostats 
at PTI. The siderostats had diameter 50 cm and 



fed 40 cm beam compressing telescopes. These col- 
limated the 40 cm input into a 7.5 cm beam. 

2. At the siderostat enclosure, a fast steering mir- 
ror (FSM) provided tip-tilt correction for low-order 
adaptive optics improvement. The feedback sensor 
for the tip-tilt system was located in the beam com- 
bining facility (see step (9)), to include both atmo- 
spheric and instrumental sources of tip-tilt varia- 
tions. 

3. The collimated beams propagated through pipes 
to the central beam combining building. For the 
north and south siderostats, the pipes were held at 
vacuum; for the west siderostat, the pipe was filled 
with air. 

4. Each collimated beam was directed to a long delay 
line (DL) which tracks the sidereal delay rate and 
receives feedback from the fringe tracking beam 
combiner for removing some of the atmospheric 
turbulent delay variations. There were roughly 
±38 m of optical delay available in the long DLs. 

5. The collimated beams were recompressed to 2.5 cm 
collimated beams. 

6. Each beam passed through a pair of matched 
prisms. In one arm, one prism was on a linear stage 
to vary the total glass thickness the starlight passed 
through. The positions of these prisms were cali- 
brated using fringes from an internal light source 
to minimize the combined longitudinal dispersion 
of air path and glass. This calibration also deter- 
mined the glass-to-air dispersion correction rate. 
The linear stage was operated in open-loop mode 
to minimize longitudinal dispersion even as the air 
path was varied by the long DLs. Some early mea- 
surements were made before this dispersion com- 
pensator was available, as marked in Table [5j 

7. The 2.5 cm collimated beams were split ~ 70/30 
by plate beam splitters. The reflected ~ 30% of 
the light was directed to the "secondary" beam 
combiner which made the astrometric science mea- 
surement. Red He-Ne LASER metrology signals 
were injected at these beam splitters and propa- 
gated through both beam combiners before being 
extracted just before the infrared array detectors 
to monitor path variations. 

8. The ^ 70% transmitted light from each beam was 
directed through a short DL. These were smaller 
versions of the long DLs with a few ten's of centime- 
ters of travel. The short DLs allowed one to set the 
delay offset between the fringe-tracking and the sci- 
ence beam combiners such that both are near zero 
optical delay simultaneously. It also introduced the 
50-100 Hz sawtooth modulation required for sam- 
pling fringes in the fringe tracker, without being in 
the science camera's optical path. 

9. After the short DL, the '--^ 70% of the original light 
to be used for fringe tracking was directed to the 
"primary" beam combiner. I-band light was ex- 
tracted using a dichroic beamsplitter and focused 
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Figure 1. Configurat ion an d ligiit path used at PTI for the PHASES experiment is shown in schematic form; the corresponding description 
is described in Section l2.1.3l Note that the path for only one telescope is shown; light from the second telescope travels a similar path. 



onto quad-cell APD's. The signal was used as feed- 
back to the fast tip-tilt mirrors in step 2. 

10. The longer-wavelength light was combined using a 
plate beam splitter. Half the light was focused on a 
single pixel of the NICMOS infrared array for high- 
signal-to-noise ratio (S/N) phase tracking. The 
other half passed through a single-mode fiber to 
improve wavefront quality (and system visibility), 
then through a low-resolution prism to disperse the 
light onto ~ 5 pixels for slower group-delay track- 
ing. Phase and group-delay signals were fed to the 
long DLs to reduce jitter from atmospheric piston 
motions. This beam combiner was the same as used 
for PTI's standard visibility mode observations. 

11. The ~ 30% of the light redirected to the "sec- 
ondary" table was used for the astrometric science 
measurement. The secondary beam combiner was 
identical to the first with the following exceptions. 



(a) A piezo-driven scanning mirror added up to 
±300 ^m of optical delay to allow scanning 
within the arcsecond field of view. The scan 
was close-loop controlled using the LASER 
metrology signal. 

(b) No single-mode fiber was used for spatial fil- 
tering. 

(c) A HAWAII array was used instead of NIC- 
MOS. 

The entire optical system was realigned at the begin- 
ning of the night and usually updated in the middle of 
the night, once per night. Alignment drifts from one 
night to the next were small. Standard detector cali- 
brations (gain, bias and background) were acquired at 
the beginning of the night for both infrared array detec- 
tors; background levels were re-measured with each star 
acquisition. 

The operating sequence began by acquiring the stars 
and locking star trackers for tip-tilt corrections on both 
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telescopes. The 50-100 Hz fringe-tracking modulation 
was applied to the long DLs, which were moved until 
fringes were found with the "primary" beam combiner. 
Once fringe lock was made, the long and short DLs were 
moved simultaneously to maintain primary fringes until 
fringes were detected on the "secondary" beam combiner. 
Once fringes were found simultaneously on both beam 
combiners, (1) the zero-point offset for the short DLs 
was recorded, (2) the 50-100 Hz fringe tracking modula- 
tion was moved from the long to short DLs so that only 
the "primary" beam combiner was affected by the mod- 
ulation, (3) the "secondary" detector's read-out pattern 
was adjusted from one optimized for fringe tracking to 
a faster and more evenly spaced one that was better for 
scanning between fringe packets, and (4) the scanning 
mirror in the "secondary" beam combiner initiated its 
~Hz, ^ 100 fim triangle modulation. The speed and am- 
plitude of the triangle pattern wer user-settable accord- 
ing to the predicted projected binary separation. Con- 
servative values were used with larger amplitudes than 
predicted to ensure good coverage of the fringe packets. 
Observing a binary when its baseline projected separa- 
tion ■ A^) was of order the interferometric coherence 
length (A = A^/AA « 20/im) or less was avoided due to 
potential biases associated with an imperfect template 
fringe packet. 

This setup resulted in a special astrometry mode de- 
signed to work on pairs of stars separated by no more 
than ~ 1 arcsec, the diffraction limit of the 40 cm aper- 
tures at A = 2.2 ^m. In this mode, the small separation 
of the binary resulted in both binary components being 
in the field of view of a single interferometric beam com- 
biner. The fringe positions were measured by modulating 
the instrumental delay with an amplitude large enough 
to record both fringe packets. This eliminated the need 
for a complex internal metrology system to measure the 
entire optical path of the interferometer, and dramati- 
cally reduced the effect of systematic error sources such 
as uncertainty in the baseline vector (error sources which 
scale with the binary separation). The same instrumen- 
tal configuration could be used for double Fourier spec- 
troscopy. 

However, since the fringe position measurement of the 
two stars was no longer truly simultaneous it was possi- 
ble for the atmosphere to introduce path-length changes 
(and hence positional error) in the time between mea- 
surements of the separate fringes. To reduce this ef- 
fect a fraction of the incoming starlight was redirected 
to a separate beam-combiner, as described above. This 
beam-combiner was used in a "fringe-tracki ng" mode 
(jShao and StaeUnI 119801 : iColavita et all I1999D where it 
rapidly (10-20 ms) measured the phase of one of the 
starlight fringes and adjusted the internal delay to keep 
that phase constant. The fringe tracking data were used 
both in real-time (operating in a feed-back servo, after 
which a small — but measurable — residual phase error re- 
mained) and in post-processing (the measured residual 
error was applied to the data as a feed- forward servo). 
This technique — known as phase referencing — had the 
effect of stabilizing the fringe measured by the astromct- 
ric beam-combiner. For this observing mode, LASER 
metrology was only required between the two beam com- 
biners through the location of the light split (which 



occurred after the optical delay has been introduced), 
rather than throughout the entire array. This greatly re- 
duced system complexity and increased the percentage 
of time on-sky. Extra efforts in system reliability and 
automation allowed most PHASES measurements to be 
acquired by a single night assistant with high (> 90%, 
not counting weather) on-sky efhciency. 

In making an astrometric measurement the optical de- 
lay was modulated in a triangle- wave pattern around the 
stabilized fringe position, while measuring the intensity 
of the combined starlight beams. The range of the delay 
sweep was set to include both fringe packets; typically 
this required a scan amplitude on the order of 150 /xm. 
Typically one such "scan" was obtained every second, 
consisting of up to 1000 intensity samples (the scan rate 
was limited by the source brightness and the require- 
ment that > 2 samples are made per fringe modulation 
period). A double fringe packet based on Equation [T] 
was then fit to the data, and the differential optical path 
between fringe packets was measured. 

2.2. Astrometric Data Reduction Algorithm 

The intensity versus delay position measurements pro- 
duced by the interferometer were processed into astro- 
metric measurements as follows. 

1. Detector calibrations (gain, bias, and background) 
were applied to the intensity measurements. 

2. The residual phase errors from the primary fringe 
tracker were converted to delay and applied to 
the data. Note that while the intensity measure- 
ments were spaced regularly in time, and the de- 
lay scanned linearly in time, the variable amount 
of delay correction applied from the fringe tracker 
resulted in the intensity measurements being un- 
evenly spaced in delay. This somewhat complicated 
the downstream processing, in that FFT-based al- 
gorithms could not be used. 

3. The data were broken up into "scans" either when 
the delay sweep changed direction or when the 
fringe tracker lost lock. Only scans for which at 
least 90% of the scan was continuously recorded 
(without fringe lock loss) were used in processing. 

4. For each scan, a power spectrum was calculated 
using a Lomb-S cargle algorithm ([Scargld 119821 : 
iPress et anil992[ ). This spectrum provided an S/N 
estimate based on the ratio of the power in and out 
of the instrument bandpass. Only the scans with 
an S/N greater than unity were kept. 

5. For a range of values of differential optical delays 
between fringe packets, a model of a double-fringe 
packet was calculated and compared to the ob- 
served scan to derive a value versus differential 
delay. 

6. A two-dimensional grid in differential R.A. and 
decl. over which to search was constructed (in ICRS 
2000.0 coordinates). For each point in the search 
grid the expected differential delay was calculated 
based on the interferometer location, baseline ge- 
ometry, and time of observation for each scan. 
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These conversions were simplified using the rou- 
tines from the Naval Observatory Vector Astrome- 
try Su broutines C Languag e Version 2.0 (NOVAS- 
C; see Kaplan et alj (|1989( )). The value of for 
the grid point's differential delay as determined by 
the previous step was co-added to an R.A./decl. 
grid. 

7. After co-adding the R.A./decl over all the scans 
in one night, all resulting values of within Au 
of the minimum point were used to fit a two- 
dimensional quadratic function to interpolate the 
location of the best minimum x^ value as the fi- 
nal astrometric solution, and the widths of the 
quadratics determined the formal uncertainties as 
discussed in detail below. The final product was 
a measurement of the apparent vector between the 
stars and associated uncertainty ellipse. Because 
the data were obtained with a single-baseline in- 
strument, the resulting error contours are very el- 
liptical, with aspect ratios at times > 10. 

Sample illustrations of several of these stages are plotted 
in Figure [5] 

In previous data reductions, the scans were option- 
ally digitally bandpass filtered before being processed 
for astrometry. This resulted in astrometric measure- 
ments that differed from those derived without filtering 
by much less than the measurement uncertainties. In 
this final analysis, the scans were not bandpass filtered. 

2.2.1. Probability Distribution Function Sidelobes 

One potential complication with fitting a fringe to the 
data was that there were many local minima spaced at 
multiples of the operating wavelength. If one were to fit 
a fringe model to each scan separately and average (or fit 
an astrometric model to) the resulting delays, one would 
be severely limited by this fringe ambiguity (for a 110-m 
baseline interferometer operating at 2.2/im, the resulting 
positional ambiguity is ^ 4.1 mas). However, by using 
the x^-surface approach, and co-adding the probabilities 
associated with all possible delays for each scan, the am- 
biguity disappeared. This was due to two things, the first 
being that co-adding simply improved the S/N. Second, 
since the observations usually lasted for an hour or even 
longer, the associated baseline change due to Earth rota- 
tion also had the effect of "smearing" out all but the true 
global minimum. The final x^-surfaces did have dips sep- 
arated by ~ 4.1 mas from the true location, but any data 
sets for which these showed up at the 4(T level were re- 
jected. The 4(7 region is that for which the properly nor- 
malized x^ function has a value less than the number of 
degrees of freedom plus 19.33, the latter being the value 
appropriate for two-dimensional distributions. The 
final astrometry measurement and related uncertainties 
were derived by fitting only the 4cr region of the surface. 

2.2.2. Residual Unmonitored Phase Noise 

Unmonitored system phase noise can affect the x^ sur- 
face in two ways. First, components of the phase noise 
that operated at frequencies faster than the scan rate 
caused the two fringe packets to be smeared an extra 
amount, and to first order this appeared as extra noise 
in the intensity measurements. This affected the width 



of the x^ fit for each individual scan (which is designated 
as CTm, the "measurement" noise), and thus appeared di- 
rectly in the co-added x^ contour. 

If instead the instrumental noise was much slower than 
an individual scan, it was essentially "frozen into" the 
scan — for the duration of that scan, the stars really did 
appear to have a different separation than their true sep- 
aration. The x^ surface for the fit to an individual scan 
takes the form 



f{d-d,) 
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where dj is the value of the star separation that mini- 
mizes / = X^j n is the number of degrees of free- 
dom of the fit (typical values for n are 400-1000; for 
this derivation, it suffices to assume a one-dimensional x^ 
surface as it has no curvature in the direction perpendic- 
ular to the sky-projected baseline — only Earth-rotation 
synthesis lifts this degeneracy). The low- frequency com- 
ponents of the phase noise cause dj to vary from do , the 
true star separation, by more than one expects from mea- 
surement noise alone. By taking many such scans, one 
can determine this instrumental scatter (which is des- 
ignated as CTi, the "instrument" noise for an individual 
scan) and add (in quadrature) the instrumental noise to 
the measurement noise as 
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where N is the number of scans {N was typically hun- 
dreds to thousands). 

Consider a function f{d— do-) with position of the 
minimum at do^ ; this centroid position is distributed with 
probability 
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One may naively hope that summing several instances of 
this function with variable do^ together would properly 
add the instrumental and measurement noises in quadra- 
ture. However, the summation results in 

N poo 

J2f{d-do,)=N f{d-x)P{x)dx (6) 
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Even if one renormalizes so that the additive term equals 
nN (i.e. multiply by n/(n -I- af /a'^)), this is still: 



N 
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+ nN. (9) 



Note the extra factor of n dividing af; this effectively 
underestimates the scan-to-scan instrumental noise by 
a very large amount — roughly 20 x for typical PHASES 
data. 
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Figure 2. Several steps of the data processing pipeline are shown for an observation of HD 13872 (21 Ari) from MJD 54385.33270. Upper 
left: raw interferograms show two distinct fringe packets, one from each star in the over-resolved binary. One star was found near zero 
delay, the other at ~ ±70 fim. The flipping from side-to-side was a result of the fringe tracker first tracking on one star for some scans, 
then the other. Upper right: the periodogram of one scan, used to evaluate the fringe S/N within the optical passband used (K-band, 
2.0-2.4 ^m). The power in the passband is not flat, but rather oscillates, a result of the object being a binary star (visibility changes 
with wavelength). Lower left: the likelihood metric a^s a function of delay separation of the binaries, for two scans. Note there are 
multiple minima separated by the fringe modulation period, and the noise is large enough to prevent high confidence identification of the 
correct local minimum. Lower right: Tthe coadded x surface in differential R.A./decl., with contours corresponding to 1-, 2-, 3-, and 4-ct 
confidence regions. Note that in this case sidelobes appeared at the 4-cr confidence level, so the measurement was rejected as ambiguous. 



Instead, the appropriate way to determine the scan- 
to-scan fit is by noticing that the minimum value of the 
co-added surface is greater than the total number of 
degrees of freedom nN by the amount: 



iV- 



(10) 



The quantity am was measured directly from the shape of 
the surface, which remained unchanged, and the number 
of scans N was known. Thus, one could derive Ui and 
apply it to the formal uncertainties. For all observations 
the average value of af /cr^ '^^-s 1.29; values ranged from 
0.0042 (for bright sources and good weather conditions) 
to 7.2. 

Phase-referencing was used to decrease the amount of 
unmonitored phase noise during narrow-angle astrom- 
etry observations (see Section 13. ip . but some residual 
phase noise remained, so the correction outlined here had 
to be applied to the astrometric data. Synthetic data 
were constructed both with and without unmonitored 
phase noise of the actual spectrum observed, and the 
data reduction algorithm determined measurement un- 
certainties consistent with the actual scatters in the mea- 
surements between multiple synthetic data sets. With- 



out the additional phase-noise correction outlined here, 
the formal uncertainties significantly underestimated the 
scatter in the results. 

3. EXPECTED PERFORMANCE 

The expected astrometric performance of the PHASES 
observing mode was determined by several factors con- 
tributing measurement uncertainties and biases. These 
can be subdivided into three broad categories: 

1. observational noise terms, which are fundamental 
to atmospheric turbulence and finite source bright- 
ness; 

2. instrumental noise terms, which result from the de- 
sign of the interferometer and the method in which 
the measurements were obtained; 

3. astrophysical noise terms, which result from the 
astrometric stability of the stars themselves. 

The size of each noise source is summarized in Table 
[TJ The details of a few of thes e terms were described 
bv lLane and M utcrspaughl (|2004f ): here, a more complete 
summary of the PHASES error budget is presented. 
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Table 1 

Astrometric Noise Sources 



Source 


Section Typical Magnitude (fias) 


Temporal decoherence 


3.1.1 


~ 5 


Anisoplanatism 


3.1.2 


0.2 


Photon noise 


3.1.3 


3 


Differential dispersion 


3.2.1 


- 30 


Baseline errors 


3.2.2 


< 10 


Fringe template 


3.2.3 


1 


Scan rate 


3.2.4 


1 


Beam walk 


3.2.5 


1 


Global astrometry 


3.2.6 


< 1 


Star spots 


3.3.1 


< 8 


Stellar granulation 


3.3.2 


< 3 



Note. — Sources of astrometric noise vary in magnitude from 
tens of micro-arcseconds to sub-microarcsecond levels. Differential 
dispersion depends on color difference between binary components; 
for many targets, this is nearly zero, but for extreme color differ- 
ences, this can be hundreds of microarcseconds. This is not the 
case for any of the PHASES targets. Photometric variability ac- 
companies star spots, of a magnitude that is easily detected for 
astrometric signatures of 8 fias or larger. 

3.1. Astrometric Observational Noise 

In calculating the expected astrometric performance 
three major sources of error were taken into account: er- 
rors caused by fringe motion during the delay sweep be- 
tween fringes (loss of coherence with time), errors caused 
by differential atmospheric turbulence (loss of coherence 
with sky angle, i.e., anisoplanatism), and measurement 
noise in the fringe position. Each is quantified in turn 
below, and the expected measurement precision is the 
root-sum-squared of the terms. 

3.1.1. Loss of Temporal Coherence 

The power spectral density of the fringe phase of a 
source observed through the atmosphere has a power-law 
dependence on frequency; at high frequencies typically 



A{f) (X r 



(11) 



where a is usually in the range 2.5-2.7. The effect of 
phase-referencing is to high-pass filter this atmospheric 
phase noise. For PHASES, the servo was an integrating 
servo with finite processing delays and integration times, 
with the residua l phase error "fed forward" to the second 
beam combiner (jLane and Cola vita 2003) . The response 
of this system to an input atmospheric noise can be writ- 
ten in terms of frequency as 



H{f) = - 



1 - 2sinc(7r/Ts) cos(2tt fTd) + sinc^(7r/r^) 



1 „ 2^sinc(7r/T,) sin(27r/Td) 



sinc2(^/T,) 



where sinc(x) — sm{x)/x, fc is the closed-loop band- 
width of the fringe-tracker servo (for PHASES fc — 10 
Hz or 5 Hz), Tg is the integration time of the phase 
sample (in standard mode, 6.75 ms), and is the de- 
lay between measurement and correction (done in post- 
processing, effectively 5 ms). The phase noise superim- 
posed on the double fringe measured by the astrometric 
beam combiner has a spectrum given by A{f)H{f). 

The sampling of the double fringe packet took a finite 
amount of time, first sampling one fringe, then the other. 
In the time domain the sampling function can be repre- 
sented as a "top-hat" function convolved with a pair of 



delta functions (one positive, one negative). The width of 
the top-hat is equal to the time taken to sweep through 
a single fringe, while the separation between the delta 
functions is equal to the time to sweep between fringes. 
In the frequency domain, this sampling function becomes 



S{f) = sin2(2^/Tp)sinc2(7r/r,), 



(13) 



where Tp is the time taken to move the delay between 
stars, Ad/vs, and r, is the time to sweep through a single 
stellar fringe, A/vg. Vs is the delay sweep rate. 

The resulting error in the astrometric measurement, 
given in radians by ate, can be found from 

_2 f A 



V 27rB 



1- A{f)H{f)S{f)df (14) 

where N is the number of measurements. It is worth not- 
ing that if phase-referencing was not used to stabilize the 
fringe, i.e. H{f) = 1, the atmospheric noise contribution 
increases by a factor of « 10^-10'^. For ^Hz scanning, 
the corresponding error is less than 10 /ias. 

3.1.2. Anisoplanatism 

The performance of a simultaneous narrow-angle as- 
trometric measurem ent has been thoroughly analyzed by 
iShao and Colavital (1992). Here the primary result for 
the case of typical seeing at a site such as Palomar Moun- 
tain is restated, with the astrometric error in arcseconds 
due to anisoplanatism [a a) is given by 



= b^QB-^'^et-^/^ 



(15) 



where B is the baseline (in meters) , is the angular sep- 
aration of the stars (in radians), and t is the integration 
time in seconds. This assumes a standard (Lindegre^ 
Il980f ) atmospheric turbulence profile; it is likely that par- 
ticularly good sites will have somewhat (factor of two) 
better performance. For 6* = 5 x 10^^ ^ 100 mas, and 
1 hr of integration, this term is roughly a fifth of a mi- 
croarcsecond. 

3.1.3. Photon Noise 

The astrometric error due to photon-noise (dp) is given 
in radians as 

"^ = 2^;^s7n' 

where N is the number of fringe scans, and S/N is the 
signal-to-noise ratio of an individual fringe. For typi- 
cal PHASES targets and PTFs throughput {N - 2000, 
S/N ^ 10), this was of order a few microarcseconds. 

3.2. Astrometric Instrumental Noise 

There were several effects internal to the instrument 
that could contribute noise terms or biases to the astro- 
metric measurements. Some could potentially vary on 
night-to-night timescales as the optical alignments vary 
on roughly these timescales. Others resulted from prop- 
erties of the measurement design. 

3.2.1. Differential Dispersion 

The path compensation for the geometric delay at PTI 
was done with DLs in air. At near-infrared wavelengths. 
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air introduce s a wavelen gth-dependent index of refrac- 
tion given bvlCroa ([20001 ) 



1 



pTs 
PsT 

4.349 X 10"^ (1 



6.4328 X 10"'' + 
7.956 X 10 



0.029498 
146- 1/A2 

Ps 



2.554 X 10" 
41- 1/A2 



(17) I 



where A is the vacuum wavelength in /im, p is the air 
pressure, pw is the partial pressure of water vapor, ps = 
1.01325 X 10^ Pa, T is the temperature, and T, = 288.15 
K. The fringe packets of astrophysical sources were dis- 
persed by an amount that depends on the difference in air 
paths between arms of the interferometer; this changed 
the shape and overall location of the fringe packets; see 
Figure |3l If two stars were in the same beam and identi- 
cal in color, the change in location was common to both 
and canceled; similarly, the distortions of the fringe pack- 
ets are common and canceled to first order in a differen- 
tial measurement. Simulated data and reanalysis of real 
data with modified fringe templates showed that higher 
order terms in the fringe packet shape are negligible at 
the microarcsecond level. 

If, however, the two stars were of differing colors, each 
would be dispersed by a slightly different amount, and 
their apparent separation would be biased. The shift in 
the apparent position of each star's fringes can be ap- 
proximated by evaluating the dispersion at the effective 
average wavelength of the star in the passband. The ef- 
fective average wavelength was calculated by multiplying 
the instrumental bandpass by the stellar spectrum. For 
an order-of-magnitude estimate of the effect of differen- 
tial dispersion, one can model the instrumental band- 
pass as a tophat function passing wavelengths 2 — 2.4/im 
(nominal K-band) and the stellar spectra as blackbodies. 
The shifts in apparent positions for several spectral types 
over 40 m of differential air path (a maximum amount 
for PTI) are given in Tabled Note that for G5-K5 bina- 
ries, the amount is 35.8 /ias and for B5-A5 it is 30.6 fia.s. 
For much more extreme color ratios, the effect can be as 
large as 150.6 /ias for B5-M5 binaries; the PHASES sam- 
ple did not include such systems, as their high contrast 
ratios prevented observation. 

Because the stars were often observed at the same hour 
angles from one night to the next (and thus the delay 
positions are relatively common between nights), this ef- 
fect introduced a much smaller scatter than that listed 
in the table. However, it may have introduced biases in 
the stellar separations and introduced scatter between 
observations taken in multiple baselines (for which the 
delay positions differed). These biases and scatters were 
of order the amounts given in Table [2j 

The binaries in the PHASES sample were generally 
of components with equal brightnesses and thus similar 
colors. No hour-angle dependent biases significant on the 
level of the precision of the observations were observed. 
This effect is likely to be important for traditional narrow 
angle astrometry methods at the Keck Interferometer or 
Very Large Telescope Interferometer, which aim to use 
field stars as astrometric references for nearby stars, and 
reference and target will often have very different colors. 
The effect is largely reduced if one uses a spectrometer 
to measure the group delay positions of the fringes. 

Starting in 2005, the longitudinal dispersion compen- 




Dslay (IJ 

Figure 3. Schematic of the shift in fringe positions due to dis- 
persion (the effect has been exaggerated for clarity). The vacuum 
(no dispersion) interferograms are plotted with solid lines; those 
dispersed by air with dotted lines. Top: dispersion shifts the point 
of zero optical path difference for a star, due to different amounts of 
air path in each arm of the interferometer (the effective optical path 
difference measured as if in vacuum). Middle: the dispersion shifts 
for stars of equal colors were equal and canceled; the measured 
separation is the same. Bottom: stars of unequal colors are shifted 
by slightly different amounts by dispersion, and the resulting mea- 
sured separation is different. For very extreme color differences, 
the shift can be hundreds of microarcseconds. Not shown are the 
shape distortions to interferograms. 

sator addressed this potential systematic. The measure- 
ments acquired with this correction are flagged in Table 

El 

3.2.2. Baseline Errors 

The baseline vector used in the differential delay equa- 
tion to determine astrometric quantities was derived by 
inversion of the delay equation from the fringe locations 
of point-like sources with known global astrometric po- 
sitions. Uncertainties and variability of the baseline vec- 
tor were sources of differential astrometry uncertainties 
via the differential delay equation. An incorrect baseline 
model would show up as an hour-angle dependent error 
term that would potentially increase night-to-night scat- 
ter beyond that predicted by the formal uncertainties; 
this was tested by dividing data sets within single nights 
into multiple sets by hour-angle range and the results 
were self-consistent. 

No evidence of hour-angle dependent error terms was 
seen in the PHASES data, supporting evidence that the 
baseline models are correct. As shown in Figure |4j ex- 
cept for a few outliers (likely due to using point sources 
with poor global astrometry values or a night's observa- 
tion only covering a small range of hour angles or declina- 
tions) the night-to-night drift in baseline model solutions 
were less than 1 mm in north-south and east-west direc- 
tions for the two primary baselines used for PHASES 
observations (NS and SW). The up-down dimension was 
stable to a few millimeters in both cases; this scatter 
was likely due to limited measurement precision rather 
than actual baseline variability, implying that it could be 
improved by averaging several nights' values. 

The amount by which a baseline error of affects a 
differential astrometry measurement was determined 
as follows. To maintain the same observed differential de- 
lay between stars, the differential delay equation requires 
that 

-A^ ^ (^~^ + a^y (a^ + oK^^ (18) 
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Table 2 

Differential Dispersion 



Spectral 


Effective 


Effective K-band 


(n~l) 


(n - Jips) 


(n - nps) 


Error vs. 


Type 


Temperature (K) 


Wavelength (/im) 


xlO^ 


xlO^ 


x38rn [nm] 


F5 [/las] 


05 


44500 


2.1763 


2.729232 


0.93 


35.4 


73 


B5 


15400 


2.1772 


2.729229 


0.66 


25.0 


51 


A5 


8200 


2.1785 


2.729225 


0.25 


9.7 


20 


F5 


6440 


2.1794 


2.729223 


0.00 


0.0 





G5 


5770 


2.1799 


2.729221 


-0.14 


-5.4 


11 


K5 


4350 


2.1815 


2.729217 


-0.61 


-23.3 


48 


M5 


3240 


2.1839 


2.729210 


-1.32 


-50.3 


103 



Note. — Effect of color-dependent differential dispersion. Stellar temperatures are for dwarf stars, from lCarroU and Ostlid ljl999 ). All 
numbers are for zero water vapor pressure, = 0. Increasing water vapor pressure to = ps increases the astrometric effect hy a factor 
of roughly 20%. 



where cta^ is the astrometric error caused by basehne 
error a^. Cancehng hke terms and assuming (ta^ • <^ is 
less than the other terms simplifies this to 



(19) 



The vector was tangent to the celestial sphere; only 
that component which was not perpendicular to the base- 
line was actually measured (this measured component 
of the separation is referred to as SS) and only its un- 
certainty {ass) was thus applicable. The angle between 
these measured components and the baseline vector is 
given by the target's zenith angle z; this was always kept 
to less than 45°. Of course, the baseline uncertainty 
vector need not be oriented with 1^ itself; its com- 
ponents aBx and a By tangent to and asz normal to the 
Earth (also referred to as the "U" or "Up" component) 
are introduced. Substituting into Equation [T51 gives the 
relationship between baseline error and astrometric error 
as 

SS {{aBx coscf) + aBy sin0) cos 2; -I- aBz sinz) = — \B\ ass cos 

(20) 

where </> is an angle determined by the hour angle and 
declination of the target. On rearranging terms, the frac- 
tional astrometric measurement uncertainty due to base- 
line uncertainties was 



ass aBx cos (j) + aBy sm(j) + aBz i3.n z 
Is " \B\ ■ 



(21) 



For \B\ = 100 m and z < 45°, baseline uncertainties of 
2 mm cause 10 fxas errors in the astrometry for a bi- 
nary with projected separation SS — 0.5 arcsec. Though 
the measured component of AS* continually varies as the 
Earth rotates the baseline vector, the above derivation is 
true at any given instant. Earth rotation causes errors 
to appear in both astrometric dimensions. 

A slightly more subtle baseline effect was that there 
can be differences between the wide-angle ("astromet- 
ric") and narrow-angle ("imaging") baselines. When 
determining the baseline vector via the delay positions 
for stars with known global astrometry solutions spread 
across the sky, the siderostats are repointed for each ob- 
servation to place the target star on-axis. Thus, one 
was measuring the vector between the pivot points of the 
siderostats, about which the siderostats were repointed 
for each target. When measuring the separations be- 
tween two stars in a single field with a single pointing 
of the telescopes, at least one of the stars would be off 



axis; one instead desired to know the separations be- 
tween the corresponding points on the surfaces of the 
two siderostats to get the proper delay scale. Through 
careful optical design, PTI was built to minimize differ- 
ences between the astrometric and imaging baselines in 
order that the original narrow angle astrometry mode 
would function at the 100 fxas level for binaries with sep- 
arations of tens of arcseconds. Because errors due to 
baseline uncertainty scale with binary separation, the ef- 
fect was negligible at the level of a few microarcseconds 
for subarcsecond binaries in the PHASES sample. 

3.2.3. Fringe Template 

Because the astrometric measurements were differen- 
tial between two stars, they were relatively insensitive 
to the model fringe template. The fringe model used 
in the astrometric analysis was determined by observ- 
ing interferograms of single stars. An effective bandpass 
was constructed from an incoherent averaging of the pe- 
riodograms of many such interferograms, and used to 
^ recompute a standard interferogram template, to be ap- 
plied to the data. This effective bandpass was only an 
approximation for most stars, as there were variations 
in source temperature and spectra. However, reanaly- 
sis with several different fringe models showed variations 
only at the single microarcsecond level. 

3.2.4. Scan Rate and Earth Rotation 

Earth rotation caused variable projection of the binary 
separation on the interferometer baseline vector. The de- 
tails of the variability depend of the observatory location, 
sky position of the target binary, and the orientation of 
the baseline vector, but for order-of-magnitude estima- 
tions, can be approximated as a sinusoid with period of 
1 day and amplitude equal to the total binary separation 
a: 

As « a X cos (27rt/day) . (22) 

The differential delay rate was given by the first deriva- 
tive of this equation with respect to time, converted from 
sky angle to delay length by the interferometer's resolu- 
tion. For a ^ 500 mas, this differential delay rate is 
about 20 nms~^, or 5 nm (10 /las) in the (typically) 250 
ms required to scan between the fringe packets. Roughly 
an equal number of scans were obtained in each scan di- 
rection (to within 10%), and this effect canceled to first 
order (to the same level, 10% or 1 /xas). However, cur- 
vature in the differential delay motion does not cancel; 
it is given by the second time derivative of the projected 
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Figure 4. Solutions for tlie ttiree PTI baseline vectors. The three baselines at PTI were named "NS", "NW", and "SW" due to their 
rough orientations. Each was a three dimensional vector, which was given by components in the "East" (east-west), "North" (north-south), 
and "Up" (up-down) directions (the first two were tangent to the Earth, the last was perpendicular). Horizontal axes are time in modified 
Julian Days (MJD), vertical axes are baseline length in meters. Lines represent average baseline fits used for data reduction presented in 
this paper; points with error bars represent a given night's baseline solution. The baseline solutions were derived from the observed delay 
positions of single-star sources with known global astrometric positions via inversion of Equation [2] The y-axis tick marks in each plot are 
all 10 mm. Note that the scatter in the "Up" dimension was much larger than the other dimensions; this was due to preferential observing 
of targets overhead, for which the "Up" component is highly covariant with the constant term in the delay equation. The baseline solution 
used for data analysis was a weighted average of the solutions plotted. 



separation and was roughly 1.4 x 10^ nms^ (less than 
3 nano-arcseconds s~2). Thus the differential delay rate 
was small enough, and the measurement rate fast enough, 
that the finite measurement rate did not contribute sig- 
nificant uncertainties. 



3.2.5. Beam Walk 

The interferometer telescopes imaged a sky field and 
then recollimated the light. Through this process, light 
from two stars separated on the sky by angle a was par- 
tially sheared with respect to each other and proceeded 
to illuminate slightly different parts of the optics that 
guide the light to the detector. Starlight in a recolli- 
mated beam that originated from different sky positions 
also developed relative shear equal to the path traveled 
multiplied by their angular separation (see Figure [S|). To 
the extent that the optics were imperfect (had rough sur- 
faces), the light from each star traveled slightly different 
path-lengths from telescope to detector. This process is 
known as beam walk. 

Colavita (200^ determined the extent to which beam 
walk introduces astrometric errors. That approximate 
stochastic analysis yielded an rms pathlength error e 
given by 



w 



1/4 



where w is the rms wavefront error over an optic of di- 
ameter (7 is the diameter of the starlight footprint, and 
5 is the linear beamwalk. For optics with a surface qual- 
ity of A/20 peak-to- valley (like those used at PTI), the 
wavefront rms is w ~ A/40. The actual error is ~ y/2 
larger than this due to the presence of two telescopes in 
the interferometer. 

The first place where beam walk could occur was 
within the telescope itself. The beam was coUimated at 
the telescope primary, focused by the primary, and recol- 
limated to a 5 = 0.075 m beam by a z = 0.1 ni diameter 
mirror to be fed to the "Fast Steering Mirror" (FSM; this 
mirror corrected for tip-tilt wavefront errors across the 
telescope, providing low-order adaptive optics). The dis- 
tance from primary mirror to this mirror was the sum of 
their focal lengths, 4.75 m. The beam walk over 0.1 arc- 
sec (4.8 X 10~ rad) was thus S = 2.3 /zm. Beam walk on 
the FSM thus contributed an astrometric error of 0.001 
fiSLS and was negligible. 

The relative angles of starlight in the recollimated 
beam were increased by a factor of the ratio of the pri- 
mary mirror and FSM focal lengths (5.33), thus light 
from sky locations separated by 0.1 arcsec had a dif- 
ferential angle of 0.533 arcsec (2.6 x 10~^ rad). This 
recollimated beam from the FSM traveled through light 
pipes to the beam combining laboratory, where mov- 
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Figure 5. Three instances wliere beam walk could occur, causing 
stars at sliglitly different sky angles to illuminate different parts of 
optical elements. Top: siiear introduced at the telescope by fo- 
cusing and recoUimating the beam. "FSM" stands for the "Fast 
Steering Mirror", which provided tip-tilt corrections (first-order 
adaptive optics) and recoUimated the light after the telescope. Sec- 
ond from top: shear within a coUimated beam over large optical 
paths. Second from bottom: shear at focus of DL optics (the mov- 
able mirrors that provide optical delays). Bottom: the shear of 
two beams by amount A, causing only partial overlap. 

able mirrors added a variable amount of delay. This 
total travel is of order 50 m; the mirrors are typically 
z = 0.1 m diameter. The beam walk over 0.533 arcsec 
was S = 130 /im, which contributed an astrometric error 
of 0.07 //as. There were a few mirrors along this path, 
and the total astrometric error would be determined by 
considering the optical qualities of all optics and adding 
the effects in quadrature. Because this beam walk was 
so small, the sum total of these remained negligible. 

The movable mirrors were comprised of a parabolic 
mirror of focal length 1.07 m and a small (z 0.01 m) 
flat mirror located near its focus. Collimated light was 
directed to one side of the parabola, focused onto the 
flat mirror, then recollimated by the parabola's other 
side. On the flat mirror, the (diffraction-limited) beam 
diameter was only q ~ Xf/d = 31 //m where A is the 
operating wavelength of light, / is the parabola's focal 
length, and d is the collimated beam diameter (0.075 m). 
The beam walk was 2.8 //m. The flat mirrors contributed 
an astrometric error of 0.9 /Ltas from beam walk. It is 
concluded that beam walk did not contribute significant 
measurement errors. 



3.2.6. Global Astrometry Errors 

Uncertainty in the global position of a target binary 
on the celestial sphere was coupled into the differential 
astrometric measurement. Errors in right ascension were 
equivalent to measurement timing errors; declination un- 
certainties had similar effects. The order of magnitude of 
this effect can be derived as follows: the fractional error 
in global astrometry (error in arcseconds divided by total 
number of arcseconds around a quarter circle) is roughly 
equal to the fractional error in differential astrometry 
separation vector (astrometric error divided by binary 
separation). A 1 arcsec global astrometry error caused 
differential astrometric errors of less than 3 /ias for bina- 
ries of separation 1 arcsec or less. Typical uncertainties 
in global astrometry were much less than an arcsecond, 
with 10 mas being a much more common value. Effects 
such as stellar aberration (20 arcsec) were accounted for 
in the PHASES data reduction software; if ignored, these 
could cause significant differential astrometry uncertain- 
ties. 

3.3. Astrometric Astrophysical Noise 

There were potential sources of apparent astrometric 
motion in the target stars due to processes within the 
stars themselves. These included star spots and stellar 
granulation. 

3.3.1. Star Spots 

As previously presented bv lMuterspaugh et al.l (j2006D . 
the maximum shift in the center-of-light of a star caused 
by star spots can be evaluated with a model comprised 
of a uniform stellar disk (radius R) except for a zero- 
temperature (non-emitting) circular region of radius r 
tangent to the edge of the stellar disk (i.e. centered at 
X = R — r, y — 0). The center of light is displaced by: 
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(23) 



The presence of star spots can be confirmed through 
photometric measurements simultaneous with astromet- 
ric observations. The non-emitting spots in this model 
would cause photometric variations proportional to the 
fractional area of the stellar disk covered: 



Yo~^'r^ 



(24) 



where Fo is the star's flux when no spots are present. 
Equations [23] and [M] provide a relationship between the 
apparent astrometric and photometric shifts caused by 
star spots. 

The largest possible astrometric shift by a star spot 
is given by evaluating a slightly different model. In this 
case, the star spot fills the (non-circular) area from the 
star's edge to a chord at distance Xo from the star's true 
center. The astrometric shift is 
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(25) 



with corresponding photometric variations of 
F 1 / TT . Xo Xo xl'^ ^^^^ 



(26) 



For stars of typical radius 1 mas, the simphfied model 
gives a roughly linear relationship of 0.8 /xas of astromet- 
ric shift per milli-magnitude of photometric variability, 
see Figure [G] Only stars with diameters smaller than 
PTI's resolution of '-^ 4 mas were observed by PHASES. 
Photometric variations of these scales can be monitored 
by small ground-based telescopes. The timescale of these 
variations i s on order the rota tion rate of a star (days 
to weeks). iLanza et al.l ()2008l ) re-evaluated the effects 
of spots with a model that includes stellar limb darken- 
ing and lower spot contrast ("warm" spots rather than 
the completely non-emitting spots assumed above) and 
found this reduces the astrometric effect by ~ 40%. 
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Figure 6. Maximum effect of star spots on astrometric measure- 
ments vs. the photometric variations they cause. 



3.3.2. Stellar Granulation 

Stellar granulation causes photometric variability of 
subsections of a star's surface. Averaged over the whole 
of the stars surface, these photometric variations can can- 
cel to large extent and the intrinsic variability of the star 
remain s small, though with a, larg e astrometric uncer- 
tainty. iSvensson and Ludwigl (|2005f l showed that the ef- 
fects of stellar granulation are independent of a star's 
radius but are strongly correlated with surface gravity, 
and provide values for the astrometric effects in white 
light. 

For stars with very low surface gravities (i.e. red gi- 
ants), astrometric perturbations can be quite large — as 
much as 300 /Ltas/D [pc]. Red giants within 100 pc were 
overresolved by PTI and could not be observed, thus 
even for these stars this effect was negligible. For main- 
sequence stars, the effect was closer to 0.1 /Ltas/D [pc]. 



4. EMPIRICAL ERROR BAR SCALING RULES 

The formal uncertainty ellipses derived with the pro- 
cedure outlined in Section 12.21 were found to underesti- 
mate the actual scatter of the measurements to an orbital 
model. Two reasonable approaches to correct this are to 
find a multiplicative scale factor by which to increase 
the formal uncertainties, or a noise floor to be added-in- 
quadrature to the formal uncertainties. Unfortunately, 
no single multiplicative factor nor noise floor was found 
that could bring the measurement uncertainties and flt 
residuals into satisfactory agreement for a majority of the 
stars. The instrumental changes made in 2005 to intro- 
duce a longitudinal dispersion compensator (discussed in 
Section 13.2. ip and an automated alignment system fur- 
ther complicate this effort. However, upon dividing the 
measurements into two subsets according to whether or 
not the instrumental changes were implemented (the sub- 
set without the upgrades will be referred to as subset 1, 
that with the upgrades will be referred to as subset 2), 
and allowing for different scaling or noise floor factors in 
each subset, again no single solution was obtained. 

Recognizing that both multiplicative factors and noise 
floors might be present, and could affect the major and 
minor axes of the uncertainty ellipses in different ways, a 
solution was sought to incorporate parameters for both 
types of terms, allowing for different values in the two 
axes and in the two subsets. This flnally produced a 
single satisfactory solution. The procedure used to flnd 
the solution and the final values obtained were as follows. 

Of the 51 star systems observed by PHASES, 33 had 
10 or more measurements. Six of those 33 had been pre- 
viously discovered to be triple or quadruple star systems, 
and a seventh (HR 2896 = HD 60318) was discovered by 
PHASES to be a triple system; for simplicity of analy- 
sis, the effort to derive the uncertainty scaling rules was 
limited to binaries. Three more systems had too few 
measurements in one or both subsets 1 and 2, and were 
not included in the analysis. Of the remaining 23 bina- 
ries, 15 (~ 2/3) were selected for evaluation; the other 
~ 1/3 of the systems were not included allowing for the 
possibility that their increased levels of scatter were the 
result of astrophysical phenomena; however, the empiri- 
cal scaling rules have been found to work satisfactorily on 
many of these as well, as a check of the rules' validities. 

The size of the major and minor axes of each measure- 
ment was resized by the formula 



/2 ^2 



where i = 1,2 indicates the subset number, j — 1,2 
indicates whether it is the uncertainty ellipse major (1) or 
minor (2) axis, (J(i^j)^c is the "corrected" l-cr uncertainty, 
f{i^j) is a multiplicative scaling factor, (T(j j) is the 
formal l-cr uncertainty, and cF{ij)^q is a noise floor added 
in quadrature. 

An iterative procedure was used to optimize the values 
of the eight parameters f(ij) and cr(ij)^q in order to pro- 
duce the most statistically reasonable set of uncertainty 
ellipses to represent the observed scatter about Keplerian 
models for the 15 stars. The constraints for optimiz- 
ing those eight parameters were: (1) within each subset, 
for each axis, the goodness-of-fit statistics computed 
along that axis should have minimal variance among the 
binaries (i.e. all the binaries being evaluated should have 
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similarly good fits in a given axis), (2) averaged over 
all the binaries, the Xr statistic computed within each 
subset/axis combinations should be equal to the other 
subset /axis (and unity; i.e. fit residuals should equally 
distributed among the various subsets and axes), and 
(3) the fits for as many binaries as possible should have 
Xr as close to unity as possible. 

The eight parameters f(ij) and <y{ij),q were given nom- 
inal values, and the 15 binaries' PHASES measurements 
were fit to Keplerian models using the replacement un- 
certainty ellipses. The correction parameters were var- 
ied one at a time, each step recalculating the Keplerian 
models, until the variance of the Xr among the bina- 
ries on the affected subset/axis was minimized (criterion 
1). This was repeated over the eight parameters, after 
which the average Xr '^as calculated in each of the four 
subset/axis combinations, and the parameters affecting 
each subset / axis combination were renormalized to force 
the average Xr ~ 1 fo'" ^^lat combination (criterion 2). 
This procedure was then iterated, varying the param- 
eters individually to minimize x^ variance followed by 
renormalizing to Xr = 1 foi' each axis, until the parame- 
ter values converged. 

The final parameter values that produced the best uni- 
versal uncertainty scaling rules were found to be: 

• /(i,i) — 1-3 (original instrument configuration, ma- 
jor axis); 

• /(1, 2) = 3.8 (original instrument configuration, mi- 
nor axis); 

• /(2.1) — 1-3 (revised instrument configuration, ma- 
jor axis); 

• /(2.2) = 1-0 (revised instrument configuration, mi- 
nor axis); 

• "■(1,1), g = 140 /^as (original instrument configura- 
tion, major axis); 

• ''■(i,2),g — 35 /ias (original instrument configuration, 
minor axis); 

• ^{2,i),q ~ 140 /xas (revised instrument configura- 
tion, major axis); 

• C(2,2),g = 35 /xas (revised instrument configuration, 
minor axis). 

Only four non-trivial parameters end up being needed to 
correct the measurement uncertainties: a single multi- 
plicative factor of 1.3 for the major axis (independent of 
subset), a multiplicative factor of 3.8 for the minor axis 
of data that lacked the dispersion compensator and/or 
automatic alignment system (/(2,2) = 1 is a trivial value 
representing no correction is needed) , and noise floors of 
140 and 35 /las to be added in quadrature to the ma- 
jor and minor axes, respectively (independent of subset). 
These values are not entirely surprising: a large multi- 
plicative factor for the minor axis before the instrument 
revisions disappeared as those changes made the instru- 
ment more stable and increased path monitoring. A noise 
floor of 35 /Ltas in the minor axis, regardless of subset, 



Table 3 

Binaries Evaluated Using Empirical Uncertainty Ellipse Scaling 

Laws 



HD Number 


Nights Observed 


Xr 




17904 


46 


0.53 




zDoyu 




U. 1 




44926 


23 


0.62 




76943 


16 


1.10 




114378 


24 


1.24 




137iU7 


51 


1.22 




137391 


23 


0.59 




i37yuy 


73 


0.85 




140159 


15 


1.15 




171779 


54 


1.04 




187362 


10 


0.97 




202275 


69 


0.91 




207652 


50 


0.58 




214850 


53 


0.87 




5286 


18 


4.71 




6811 


20 


2.16 




13872 


89 


0.46 


* 


77327 


47 


0.44 


* 


81858 


12 


2.27 




129246 


17 


1.86 


* 


140436 


43 


1.82 


* 


155103 


10 


0.21 




176051 


66 


4.43 




196524 


73 


2.68 




202444 


39 


3.52 




221673 


99 


8.01 





Note. — Column 1 is the star's HD Catalog Number, Col- 
umn 2 is the total number of nights the star was observed, and 
Column 3 is the value of Xr calculated for a Keplerian model. An 
asterisk appears in the fourth column of stars used to evaluate the 
uncertainty ellipse scaling rules. 



is reasonably expected from the many noise sources de- 
scribed in Section |31 The root-sum-square of the errors 
in Table [T] is 15 ^as. Given that some of the simple 
arguments presented were designed to provide error esti- 
mates at only the factor of 2 level, the resulting 35 /xas 
noise floor is not unreasonable. In addition, it is possi- 
ble some differential dispersion persisted even with the 
dispersion compensator in place, though it certainly re- 
duced the amount. Because the major axis represents a 
direction perpendicular to that at which the interferom- 
eter baseline was oriented at the average measurement 
time, the measurement along that axis is slow to build 
via Earth-rotation synthesis, and it is not surprising to 
find a small multiplicative factor and larger noise floor 
in that direction. 

After applying these corrections to the measurement 
uncertainties, the Xr statistic was calculated for Keple- 
rian flts to the data of all 26 binaries having more than 
10 observations. Fourteen of the 26 (54%) evaluate to 
0.5 < Xr < 1-5, and an additional two just miss the cut- 
off (with values of 0.44 and 0.46; including these would 
bring the total to 62%). Furthermore, four of the systems 
with too-large values of Xr are much better modeled by 
a double Keplerian model, indicating an additional com- 
ponent may be present; see Paper V. The 26 binaries, 
number of observations, the fits' Xr metrics, and which 
binaries were used to evaluate the scaling rules are listed 
in Table H 



5. DISTRIBUTION OF FIT RESIDUALS 
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To use the PHASES measurements for orbit fitting and 
companion searches, it was important to estabhsh the 
statistical properties of the measurement residuals to de- 
termine whether they are Gaussian. Using uncertainties 
derived from the process outlined in Section 31 Keplerian 
orbits were fit for 19 of the 20 binaries presented in Pa- 
per II (HD 202444 has been omitted, since there is some 
evidence to suggest it hosts a substellar companion; see 
Paper V), as well as S Equ (H I) 202275), which has pre- 
vio usly been studied at length (jMuter spaugh et 811120051 
HOOS). The fits included all the non-PHASES and radial 
velocity measurements as listed in Paper II, rather than 
just the PHASES measurements, to ensure the residu- 
als represented the best known binary motions. The 
PHASES measurement residuals along the minor axes 
of the error ellipses for these 20 binaries were normal- 
ized by their minor axis measurement uncertainties and 
combined into a joint residual distribution; a similar dis- 
tribution was made for the major axis residuals. His- 
tograms and continuous distribution functions (the lat- 
ter being the integral of the histogram, which has the 
advantage of avoiding misinterpretation of the statistics 
caused by the granularity of bin size used in the his- 
tograms, though at the expense of being a less-familiar 
distribution), of the minor- and major-axis residuals are 
presented in Figure [71 along with the theoretical distribu- 
tions one would obtain from unit-deviation distribution 
(a Gaussian and an error function, respectively). The 
distributions agree quite well with the theoretical distri- 
butions, though there might be a slight excess number 
in the distribution wings. However, any excess is small, 
and Gaussian statistics are a reasonable approximation 
for orbit-fitting and companion search applications. 

6. SUMMARY OF PHASES MEASUREMENTS 

The 1332 PHASES measurements are presented in Ta- 
ble El All have been processed with the standard pipeline 
described in Section [521 In total, 51 binaries were ob- 
served on 443 nights. An average of 1983 scans was used 
for each measurement, and the average formal minor-axis 
uncertainty is 13 ^as. After the scaling laws from ^Hwere 
applied, the average minor- and major-axis uncertainties 
were 53 /zas and 486 /xas, respectively. 

7. SUPPORTING MEASUREMENTS 

Infrared differential photometry between the primary 
and secondary components of several PHASES targets 
were obtained using Keck Adaptive Optics on MJD 
53227. The differential photometries were measured in 
the Kp filter for faint systems, and a narrow band H2 
2-1 filter centered at 2.2622 fim for brighter binaries. Six 
systems of moderate brightness were measured with both 
filters. Differential magnitudes for the 20 binaries ob- 
served with Keck AO are presented in Table [H 

Though it has no impact on the current study, as an as- 
trometry team we could not resist pointing out that-due 
to precession-PHASES target HD 149630 (cr Her) was 
the pole star around 8250 BC. PHASES benefits from the 
efforts of the PTI collaboration members who have each 
contributed to the development of an extremely reliable 
observational instrument. Without this outstanding en- 
gineering effort to produce a solid foundation, advanced 



Table 4 

Keck AO Differential Photometry Measurements 



HD 


HJD-2453227.5 


Filter 


Am 




5286 


0.49 


H2 


0.442 


0.002 


6811 


0.49 


H2 


1.426 


0.002 


13872 


0.50 


H2 


0.137 


0.002 


17904 


0.51 


Kp 


1.218 


0.003 


17904 


0.54 


H2 


1.206 


0.003 


40932 


0.63 


H2 


0.002 


0.005 


41116 


0.64 


H2 


2.043 


0.008 


44926 


0.64 


H2 


0.215 


0.004 


137107 


0.33 


Kp 


0.185 


0.001 


140436 


0.35 


Kp 


0.936 


0.001 


165908 


0.40 


H2 


2.063 


0.002 


165908 


0.40 


Kp 


1.909 


0.001 


171745 


0.40 


Kp 


0.278 


0.001 


171745 


0.41 


TT 

H2 


0.272 


0.001 


171779 


0.42 


Kp 


0.167 


0.002 


171779 


0.42 


H2 


0.163 


0.003 


176051 


0.43 


H2 


1.308 


0.001 


176051 


0.43 


Kp 


1.235 


0.001 


196524 


0.46 


H2 


1.096 


0.002 


196867 


0.46 


H2 


1.587 


0.004 


202275 


0.47 


H2 


0.066 


0.004 


206901 


0.44 


H2 


0.188 


0.001 


207652 


0.48 


Kp 


0.740 


0.004 


213973 


0.44 


Kp 


0.293 


0.003 


221673 


0.45 


H2 


0.570 


0.003 


Note. 


— Column 1 is the star' 


's HD . 


catalog number. Columi 



2 is the heliocentric Julian date offset by the day of observations. 
Column 3 is the filter used during the observation (Kp or H2). 
Columns 5 and 6 are the differential photometry and uncertainty 
measurements in units of magnitudes. 



phase-referencing techniques would not have been possi- 
ble. We thank PTFs night assistant Kevin Rykoski for 
his efforts to maintain PTI in excellent condition and op- 
erating PTI in phase-referencing mode every week. Part 
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ported by NASA contracts to the Jet Propulsion Labo- 
ratory. This publication makes use of data products from 
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of the University of Massachusetts and the Infrared Pro- 
cessing and Analysis Center/California Institute of Tech- 
nology, funded by the National Aeronautics and Space 
Administration and the National Science Foundation. 
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State University, and the state of Tennessee through its 
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Figure 7. Distributions of normalized residuals for two-body Keplerian fits to 20 binaries, in major and minor axes. On the left is the 
histogram of the residuals and unit-width Gaussian for comparison, while on the right is the continuous distribution function, with the 
theoretical distribution for Gaussian noise (the error function). 
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Table 5 

PHASES Astrometry Measurements 



HD 



HJD- 



<5RA 



(5Decl 



Number 


2400000.5 


(mas) 


(mas) 


(/ias) 


4934 


54004, 


,36328 


-57, 


,0674 


-179, 


,9978 


27, 


,8 


5286 


52894, 


,31345 


-681, 


,5589 


665. 


6299 


17, 


,8 


5286 


52896, 


,29389 


-681, 


,5838 


665. 


,5458 


19, 


,6 


5286 


52897, 


,28803 


-681, 


,9351 


665. 


8532 


16, 


,4 


5286 


53198, 


,45485 


-676, 


,2609 


690. 


,8888 


3, 


,9 


5286 


53215, 


,43340 


-675, 


,9374 


692. 


1281 


7, 


,2 


5286 


53222, 


,39706 


-676, 


,3939 


693. 


0688 


4, 


,1 


5286 


53229, 


,40966 


-674, 


,7178 


692. 


6724 


17, 


,9 


5286 


53235, 


,41932 


-675, 


,2293 


693. 


4864 


6, 


,3 


5286 


53250, 


,34592 


-675, 


,1408 


694. 


9482 


13, 


,0 


5286 


53578, 


,49345 


-667, 


,5496 


720. 


3887 


10, 


,6 


5286 


53585, 


,41899 


-667, 


,3132 


720. 


7603 


21, 


,9 


5286 


53600, 


,39059 


-667, 


,0935 


721. 


9211 


20, 


,9 


5286 


53632, 


,29638 


-666, 


,8551 


724. 


8877 


14, 


,2 


5286 


53636, 


,28795 


-667, 


,6554 


725. 


7109 


9, 


,6 


5286 


53691, 


,15757 


-666, 


,0233 


729. 


,6058 


7, 


,5 


5286 


53957, 


,40057 


-659, 


,8107 


749. 


8176 


5, 


,1 


5286 


53970, 


,37137 


-659, 


,5338 


750. 


6116 


3, 


,8 


5286 


53971, 


,35704 


-660, 


,2025 


751. 


,1008 


6, 


,9 


6811 


52894, 


,40088 


422, 


,2735 


-280, 


,2728 


25, 


.9 


6811 


52895, 


,40411 


422, 


,3082 


-280, 


,3050 


19, 


.6 


6811 


52896, 


,40601 


411, 


,4655 


-275, 


,8378 


30, 


.4 


6811 


52897, 


,38891 


422, 


,7105 


-280, 


,3014 


26, 


,7 


6811 


53222, 


,50651 


426, 


,1493 


-277, 


,4293 


5, 


,2 


6811 


53228, 


,48820 


424, 


,8371 


-276, 


,7571 


16, 


,5 


6811 


53263, 


,39025 


426, 


,2968 


-276, 


,7695 


9, 


,9 


6811 


53271, 


,37223 


426, 


,4827 


-276, 


,6943 


10, 


,1 


6811 


53313, 


,25700 


427, 


,3890 


-276, 


,3916 


22, 


,3 


6811 


53636, 


,36731 


430, 


,7551 


-273, 


,1652 


15, 


,8 


6811 


53663, 


,36469 


424, 


,8200 


-272, 


,0314 


26, 


,9 


6811 


53687, 


,19475 


431, 


,4921 


-272, 


,0317 


27, 


.4 


6811 


53972, 


,46365 


433, 


,3682 


-269, 


,1288 


16, 


.5 


6811 


54003, 


,36229 


434, 


,3438 


-269, 


,0321 


12, 


.5 


6811 


54006, 


,35815 


433, 


,6679 


-268, 


,6007 


24, 


.4 


6811 


54008, 


,35403 


433, 


,9942 


-268, 


,7999 


8, 


.5 


6811 


54341, 


,44154 


437, 


,0441 


-264, 


,9185 


17, 


,3 


6811 


54350, 


,42520 


437, 


,1835 


-264, 


,9587 


8, 


,6 


6811 


54357, 


,40553 


437, 


,5387 


-264, 


,8896 


18, 


,4 


6811 


54769, 


,28217 


441, 


,7437 


-260, 


,4480 


35, 


,0 


11636 


53638, 


,46558 


24, 


,8811 


-10, 


,4154 


10, 


,6 


13872 


52868, 


,45994 


-134, 


,4324 


4, 


,9165 


19, 


,5 


13872 


53215, 


,50012 


-144, 


,8076 


-14, 


,6601 


28, 


,0 


13872 


53222, 


,46534 


-143, 


,9341 


-15, 


,6965 


5, 


,5 


13872 


53234, 


,45075 


-144, 


,5008 


-16, 


,2052 


16, 


,8 


13872 


53249, 


,46019 


-144, 


,8697 


-17, 


,0067 


6, 


.2 


13872 


53250, 


,46337 


-144, 


,6809 


-17, 


,1576 


31, 


.6 


13872 


53263, 


,40075 


-145, 


,2831 


-17, 


,7597 


6, 


.3 


13872 


53271, 


,38426 


-145, 


,3640 


-18, 


,2781 


5, 


.5 


13872 


53312, 


,30383 


-146, 


,5058 


-20, 


,3929 


2, 


,7 


13872 


53313, 


,28343 


-147, 


,1579 


-20, 


,1609 


10, 


,7 


13872 


53333, 


,23983 


-146, 


,8661 


-21, 


,5534 


8, 


,8 


13872 


53334, 


,25787 


-148, 


,3531 


-21, 


,1557 


18, 


,4 


13872 


53340, 


,19672 


-147, 


,4399 


-21, 


,7883 


20, 


,1 


13872 


53341, 


,24624 


-147, 


,7720 


-21, 


,7435 


25, 


,5 


13872 


53584, 


,47779 


-151, 


,6375 


-34, 


,5213 


21 


,7 


13872 


53586, 


,47768 


-151, 


,4689 


-34, 


,7058 


9, 


,9 


13872 


53599, 


,45344 


-152, 


,3887 


-34, 


,8899 


19, 


,7 


13872 


53606, 


,44225 


-151, 


,5573 


-35, 


,8371 


9, 


.0 


13872 


53607, 


,43452 


-151, 


,2101 


-36, 


,0727 


12, 


.4 


13872 


53613, 


,41692 


-151, 


,9164 


-35, 


,9521 


23, 


.1 


13872 


53614, 


,41517 


-151, 


,7623 


-36, 


,2031 


26, 


.2 


13872 


53639, 


,35205 


-151, 


,7435 


-37, 


,6653 


20, 


,2 


13872 


53670, 


,28242 


-151, 


,3679 


-39, 


,3993 


38, 


,5 


13872 


53691, 


,18919 


-152, 


,6309 


-39, 


,7322 


14, 


,6 


13872 


53718, 


,18737 


-152, 


,6133 


-41, 


,2864 


16, 


,0 


13872 


53726, 


,15532 


-152, 


,5621 


-41, 


,7723 


16, 


,0 


13872 


53732, 


,15251 


-152, 


,6477 


-42, 


,0269 


11, 


,0 


13872 


53739, 


,16051 


-152, 


,1406 


-42, 


,5017 


23, 


,3 


13872 


53746, 


,13612 


-152, 


,4635 


-42, 


,7666 


4, 


,6 


13872 


53748, 


,13687 


-152, 


,4947 


-42, 


,8582 


13, 


,6 


13872 


53753, 


,13686 


-152, 


,2448 


-43, 


,1148 


12, 


.3 


13872 


53929, 


,49251 


-153, 


,9562 


-49, 


,6856 


30, 


.3 


13872 


53930, 


,49739 


-151, 


,9120 


-51, 


,3218 


6, 


.8 



(^as) 



(dcg) 



(/las) 



^Dec 

(/ias) 



"^R A, Peel 
CTRACTDecl 



(/las) 



^ maj ,c 

(/ias) 



(/ias) 



""Dccl.c 

(/tas) 



416.4 

1360.0 
549.6 
382.3 
213.7 
273.5 
217.5 

1669.5 
197.6 
133.2 
239.7 

1887.5 
273.1 
150.3 
98.1 
85.8 
57.2 
44.9 
97.3 
811.8 
376.1 
395.5 
998.1 
118.3 
621.1 
263.6 
126.2 
270.8 
592.3 

1466.0 
230.6 
400.9 
556.2 
414.3 
110.9 
361.7 
124.5 
314.6 

1055.9 
313.6 

2025.3 

1083.3 
212.2 
179.2 
49.3 
488.9 
51.7 
45.8 
31.5 
417.5 
231.2 

1427.2 
960.2 

1154.0 
690.1 
121.5 
979.5 
275.7 
422.4 
826.9 

1064.2 

1070.3 

1039.2 
118.9 
274.5 
185.2 
112.7 
313.4 
57.0 
171.7 
234.1 

1547.8 
347.4 



161.61 
146.08 
144.35 
144.32 
143.53 
146.42 
144.05 
148.35 
152.60 
148.22 
155.25 
146.03 
148.09 
146.28 
147.56 
150.80 
147.73 
147.90 
145.40 
159.74 
160.62 
158.80 
158.42 
161.03 
160.37 
159.41 
160.62 
160.25 
158.72 
175.11 

22.43 
163.19 
158.67 
159.97 
159.82 
160.07 
161.89 
161.36 
162.13 

39.98 
149.53 
148.43 
145.90 
149.25 
157.43 
159.08 
153.42 
154.32 
160.49 
156.00 
158.14 
162.48 
153.66 
164.19 
146.43 
147.59 
148.68 
150.03 
149.08 
148.91 
148.83 
149.46 
151.85 
148.36 
159.62 
156.69 
159.93 
165.31 
164.45 
165.49 
169.46 
141.53 
142.44 



395.3 

1128.5 
446.7 
310.7 
171.9 
227.9 
176.1 

1421.2 
175.4 
113.4 
217.7 

1565.4 
232.1 
125.3 
82.9 
75.0 
48.5 
38.1 
80.2 
761.6 
354.8 
368.9 
928.2 
111.9 
585.1 
246.7 
119.1 
255.0 
551.9 

1460.7 
213.4 
383.8 
518.1 
389.4 
104.1 
340.1 
118.4 
298.2 

1005.0 
240.4 

1745.7 
923.1 
175.8 
154.2 
45.6 
456.8 
46.4 
41.4 
29.7 
381.4 
214.6 

1361.0 
860.5 

1110.4 
575.1 
102.7 
836.8 
238.8 
362.4 
708.2 
910.6 
921.8 
916.5 
101.5 
257.4 
170.2 
105.9 
303.3 
54.9 
166.3 
230.2 

1212.0 
275.4 



134.0 
759.1 
320.8 
223.4 
127.1 
151.4 
127.7 
876.3 
91.1 
71.0 
100.8 
1054.8 
145.4 
84.3 
53.2 
42.3 
30.9 
24.1 
55.5 
282.1 
126.1 
145.8 
367.9 
38.8 
209.3 
93.1 
42.9 
93.9 
215.5 
127.9 
91.5 
117.0 
202.6 
143.8 
39.1 
124.4 
39.5 
102.0 
325.8 
201.7 
1027.0 
567.7 
119.1 
92.7 
19.8 
177.1 
23.8 
20.5 
10.8 
170.1 
86.5 
430.0 
426.5 
315.4 
382.0 
65.7 
509.4 
137.9 
217.3 
427.5 
551.3 
544.2 
491.4 
63.6 
96.8 
74.7 
40.0 
82.6 
15.9 
45.0 
44.5 
963.2 
211.8 



-0.97578 
-0.99960 
-0.99717 
-0.99590 
-0.99928 
-0.99838 
-0.99921 
-0.99971 
-0.99699 
-0.97667 
-0.99324 
-0.99969 
-0.98558 
-0.97936 
-0.97721 
-0.97949 
-0.98055 
-0.98252 
-0.98873 
-0.99521 
-0.98635 
-0.97461 
-0.99694 
-0.98974 
-0.99647 
-0.99351 
-0.96867 
-0.96777 
-0.99690 
-0.97740 

0.94638 
-0.98914 
-0.99782 
-0.98361 
-0.97295 
-0.98896 
-0.97365 
-0.98180 
-0.99359 

0.99764 
-0.99976 
-0.99832 
-0.99845 
-0.97750 
-0.93981 
-0.98155 
-0.95598 
-0.95411 
-0.96334 
-0.99761 
-0.99400 
-0.99899 
-0.99862 
-0.99646 
-0.99768 
-0.98387 
-0.99898 
-0.99716 
-0.99778 
-0.99800 
-0.99846 
-0.99907 
-0.99605 
-0.96314 
-0.98433 
-0.97261 
-0.95623 
-0.95660 
-0.95335 
-0.95031 
-0.95959 
-0.99919 
-0.99917 



44.7 
76.2 
82.3 
71.5 
38.0 
44.4 
38.3 
76.5 
42.4 
60.5 
53.4 
90.3 
86.8 
64.3 
50.6 
45.1 
35.4 
35.2 
35.7 

104.5 
82.3 

120.7 

107.3 
40.2 
71.8 
51.4 
51.9 
91.7 
69.5 

108.0 

109.8 
38.7 
37.2 
42.7 
36.0 
74.5 
47.9 
78.2 
49.5 
53.4 
82.0 

112.0 
40.8 
72.8 
42.2 

125.1 
42.4 
40.8 
36.5 
53.6 
48.4 
78.2 
84.0 

103.0 
89.6 
51.4 
82.6 
48.9 
58.7 
94.5 

105.5 
84.4 

150.4 
65.6 
70.2 
70.2 
54.5 
95.2 
39.1 
62.4 
58.4 
46.3 
43.5 



559.1 
1773.5 
728.1 
516.3 
311.1 
382.1 
315.5 
2174.9 
292.6 
222.7 
341.6 
2457.7 
381.6 
240.4 
189.4 
179.0 
158.5 
151.7 
188.7 
1064.6 
508.6 
532.9 
1305.1 
208.0 
819.5 
370.2 
215.7 
378.9 
782.6 
1910.9 
330.9 
539.6 
736.5 
556.5 
201.0 
490.6 
214.0 
432.3 
1379.8 
431.0 
2636.6 
1415.2 
309.4 
271.8 
154.0 
650.8 
155.3 
152.1 
145.9 
560.5 
331.6 
1860.6 
1256.1 
1506.7 
908.0 
211.1 
1281.0 
384.8 
566.7 
1084.0 
1390.5 
1398.4 
1358.2 
208.5 
383.3 
278.5 
202.6 
430.8 
158.4 
263.5 
335.0 
2017.0 
472.8 



530.8 
1472.3 
593.6 
421.5 
251.2 
319.3 
256.4 
1851.8 
260.5 
192.0 
311.0 
2038.9 
327.2 
203.1 
162.1 
157.8 
135.4 
129.8 
156.6 
999.4 
480.5 
498.7 
1214.2 
197.1 
772.2 
347.0 
204.2 
357.9 
729.7 
1904.0 
308.7 
516.7 
686.2 
523.0 
189.0 
461.9 
203.9 
410.4 
1313.3 
332.1 
2272.9 
1207.2 
257.2 
236.5 
143.1 
609.5 
140.2 
138.2 
138.0 
512.5 
308.3 
1774.5 
1126.3 
1450.0 
758.2 
180.3 
1095.2 
334.2 
487.1 
929.6 
1191.0 
1205.2 
1199.6 
180.9 
360.2 
257.3 
191.3 
417.4 
153.0 
255.6 
329.5 
1579.4 
375.8 



181.4 
991.7 
429.6 
306.7 
187.4 
214.6 
187.8 
1143.1 
139.8 
128.1 
151.0 
1375.3 
214.8 
143.8 
110.2 
95.8 
89.8 
85.9 
111.1 
381.4 
185.8 
223.2 
490.3 
77.6 
283.5 
138.8 
86.7 
154.4 
291.3 
195.3 
162.0 
160.4 
270.1 
194.8 
77.1 
181.3 
80.6 
156.8 
426.0 
280.0 
1338.9 
747.1 
176.7 
152.4 
70.8 
260.1 
79.2 
75.5 
59.6 
233.2 
131.4 
565.1 
562.4 
422.3 
507.6 
121.2 
669.6 
196.8 
295.5 
565.6 
725.3 
714.3 
654.4 
122.8 
148.8 
127.7 
86.4 
142.9 
56.8 
89.5 
84.0 
1255.3 
290.3 
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Table 5 

PHASES Astrometry Measurements 



13872 


53935.47952 


-151. 


,9327 


-51, 


.4370 


21, 


,3 


896, 


.2 


141, 


.49 


701, 


,4 


558. 


,2 


-0, 


,99881 


41, 


,0 


1173.4 


918.6 


731.3 


13872 


53936.48606 


-151, 


,7695 


-51, 


.6402 


7, 


,1 


195, 


.4 


142, 


,94 


156, 


.0 


117. 


,9 


-0, 


,99718 


35, 


,7 


290.0 


232.5 


177.1 


13872 


53937.48724 


-151, 


,9168 


-51, 


.5570 


4, 


,4 


116, 


,0 


143, 


,48 


93 


.2 


69, 


,1 


-0, 


,99684 


38, 


,8 


205.8 


167.0 


126.4 


13872 


53951.44870 


-151, 


,7068 


-52, 


.1619 


15, 


,7 


351, 


,3 


143, 


,26 


281, 


,7 


210, 


,5 


-0, 


,99565 


38, 


,4 


477.7 


383.5 


287.4 


13872 


53956.48858 


-151, 


,5248 


-52, 


.5074 


4, 


,3 


48, 


,8 


152, 


,38 


43 


.3 


23, 


,0 


-0, 


,97759 


35, 


,3 


153.7 


137.2 


77.8 


13872 


53957.44792 


-151, 


,3560 


-52, 


.6303 


7, 


,2 


125, 


,5 


145, 


,75 


103, 


,8 


70, 


,9 


-0, 


,99248 


35, 


,7 


215.0 


178.8 


124.5 


13872 


53958.48472 


-151, 


,5132 


-52, 


.5578 


8, 


,8 


72, 


,8 


152, 


,17 


64 


.5 


34, 


,9 


-0, 


,95903 


36, 


,1 


169.0 


150.4 


85.1 


13872 


53963.46233 


-151 


,5164 


-52, 


.7090 


30, 


,3 


292, 


,0 


150, 


,43 


254, 


,4 


146, 


,5 


-0, 


,97146 


46, 


,3 


404.6 


352.6 


203.7 


13872 


53965.50072 


-151, 


,5046 


-52, 


.8522 


4, 


,9 


59, 


,3 


158, 


,31 


55 


.2 


22, 


,4 


-0, 


,97196 


35, 


,3 


159.8 


149.1 


67.6 


13872 


53970.40460 


-151, 


,2200 


-53, 


.1663 


6, 


,6 


114, 


.1 


143, 


,60 


91, 


.9 


67, 


,9 


-0, 


,99263 


35, 


,6 


204.0 


165.5 


124.4 


13872 


53971.49071 


-150, 


,9509 


-53, 


.2562 


15, 


,3 


84, 


.3 


157, 


,82 


78, 


.3 


34, 


,9 


-0, 


.88075 


38, 


,2 


177.8 


165.3 


75.9 


13872 


53972.40215 


-150, 


,9837 


-53, 


.4119 


10, 


,3 


152, 


.6 


144, 


.73 


124, 


,7 


88, 


,5 


-0, 


.98973 


36, 


,5 


242.8 


199.4 


143.3 


13872 


53977.40389 


-150, 


,9146 


-53, 


.6256 


8, 


,1 


233, 


.8 


146, 


.35 


194, 


.7 


129. 


,7 


-0, 


,99716 


35, 


,9 


334.6 


279.3 


187.8 


13872 


53978.44990 


-151, 


,3107 


-53, 


.4354 


7, 


,2 


45, 


.9 


154, 


.75 


41, 


.6 


20, 


,6 


-0, 


.92351 


35, 


,7 


152.2 


138.5 


72.5 


13872 


53979.48348 


-151, 


,3883 


-53 


.4012 


18, 


,7 


362, 


.6 


161, 


.35 


343, 


,6 


117, 


,3 


-0, 


,98576 


39, 


,7 


491.7 


466.1 


161.7 


13872 


53985.43797 


-151, 


,6481 


-53, 


.5143 


9, 


,6 


239, 


,1 


155, 


,73 


218, 


,0 


98, 


,6 


-0, 


,99429 


36, 


,3 


340.9 


311.1 


144.0 


13872 


53986.38174 


-150, 


,7794 


-53, 


,9608 


26, 


,9 


451, 


,2 


147, 


,18 


379, 


,5 


245, 


,6 


-0, 


,99149 


44, 


,1 


603.0 


507.3 


328.9 


13872 


53996.32588 


-151, 


,1242 


-54, 


,0624 


8, 


,3 


117, 


,1 


142, 


,31 


92 


.8 


71, 


,9 


-0, 


,98925 


36, 


,0 


206.8 


165.1 


129.6 


13872 


54003.37200 


-150, 


,7523 


-54, 


,5566 


8, 


,4 


46, 


,6 


153, 


,62 


41 


.9 


22, 


,0 


-0, 


,90585 


36, 


,0 


152.5 


137.6 


75.1 


13872 


54004.32755 


-150, 


,7397 


-54, 


,5913 


14, 


,3 


75, 


,8 


145, 


,35 


62 


.9 


44, 


,7 


-0, 


,92271 


37 


,8 


171.2 


142.5 


102.2 


13872 


54005.38271 


-150, 


,9772 


-54, 


,4755 


12, 


,7 


71, 


,8 


157 


,90 


66 


.7 


29, 


,5 


-0, 


,88566 


37, 


,2 


168.3 


156.5 


72.1 


13872 


54006.38793 


-150, 


,5945 


-54, 


,7009 


11, 


,3 


78, 


,5 


158, 


,98 


73 


.4 


30, 


,1 


-0, 


,91518 


36, 


,8 


173.2 


162.3 


71.0 


13872 


54007.40917 


-150, 


,4264 


-54, 


,8060 


6, 


,0 


167, 


,7 


161 


,80 


159, 


,4 


52 


,7 


-0, 


,99280 


35, 


,5 


259.1 


246.4 


87.7 


13872 


54008.36643 


-150, 


,7097 


-54, 


.7213 


6, 


,6 


74, 


,6 


154, 


,63 


67 


.5 


32, 


,5 


-0, 


,97412 


35, 


,6 


170.3 


154.6 


79.8 


13872 


54009.33295 


-150, 


,6374 


-54, 


.7549 


16, 


,1 


70, 


.2 


147, 


.98 


60 


.2 


39, 


,7 


-0, 


.88013 


38, 


,5 


167.1 


143.2 


94.4 


13872 


54010.43151 


-150, 


,6045 


-54, 


.8265 


37, 


,0 


249, 


.7 


168, 


.10 


244, 


,5 


62, 


,9 


-0, 


.80000 


50, 


,9 


353.5 


346.1 


88.3 


13872 


54029.25388 


-150, 


,1810 


-55, 


.6599 


16, 


,0 


125, 


.1 


144, 


.61 


102, 


,4 


73, 


,6 


-0, 


.96399 


38, 


,5 


214.6 


176.4 


128.2 


13872 


54031.35220 


-150, 


,3564 


-55, 


.7080 


27, 


,5 


296, 


.3 
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,3 
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.3 
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,8 
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,3 


198.5 
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53753, 


,23345 


113. 
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235, 
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25, 


,3 
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.4 


158, 
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.2 
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,4 


-0, 


.93783 
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,3 
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145.6 


40932 
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,4 
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,5 
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,6 
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17, 


,8 
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.4 
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,3 
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,9 
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,3 
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,2 
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,5 
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143, 
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16, 


,1 


246, 


,3 


156, 


,47 


225, 


,9 


99, 


,4 


-0, 


,98427 


70, 


,5 


349.5 


321.6 


153.8 


40932 


54384, 


,53862 


144, 


,3181 


327, 


,8358 


19, 


,1 


398, 


,7 


161 


,42 


378, 


,0 


128, 


,3 


-0, 


,98766 


80, 


,6 


536.9 


509.5 
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40932 
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,50585 


144, 


,4388 


328, 
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,3 


584, 


,0 


158, 
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,5 
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7 


-0, 


,98730 
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,6 
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,30446 
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-208, 
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,8 
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,0 
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,2 
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,1 
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,48253 


-89, 
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-148, 


,6646 


8, 


,9 


131 


,9 


177, 


,46 


131 


,8 


10, 


,7 


-0, 


,54724 


48, 


,7 


221.4 


221.2 


49.6 


41116 


53340, 


,45440 


-90, 


,9105 


-146, 


,6141 


6, 


,0 


59, 


,9 


172, 


,85 


59 


.4 


9, 


,5 


-0, 


,77520 


41, 


,8 


160.2 
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46.0 


41116 


53341, 


,40117 


-91, 


,1426 


-146, 
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5, 


,5 


34, 


,1 


164, 
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.9 


10, 
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,2 
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223.5 


141.1 
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,4052 
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.3701 


7, 


,3 


97, 


,8 


177, 


,25 


97 


.7 


8, 


,7 


-0, 


,53915 


44, 


,7 


189.1 


188.9 


45.5 


41116 


53747, 


,28929 
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,5682 


-60, 


,3672 


11, 


,4 


85, 


,1 


164, 


,11 


81 


.9 


25, 


,8 


-0, 


,88779 


55, 


,7 


178.4 


172.3 


72.5 


41116 


53753, 


,26569 
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,5685 


-57, 


,7633 


7, 


,2 


45, 


,9 


162, 


,23 


43 
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15, 


,6 


-0, 


,87561 


44, 


,4 


152.2 


145.6 


62.8 
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53760, 


,26558 
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,6124 


-57, 
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16, 


,2 


99, 


,3 


172, 


,39 


98 
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20, 
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0, 
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6, 


,2 
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,8 


147, 
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147, 


,5 


94, 
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,99692 


35, 


,5 


266.9 


226.0 


146.4 


41116 


53993, 


,53718 


-100, 


,2397 


-0, 


.1331 


23, 


,6 


1190, 


,0 


150, 


,05 


1031, 


,2 


594, 


,4 


-0, 


,99895 


42, 


,2 


1553.3 


1346.1 


776.3 


41116 


54005, 


,50485 


-100, 


,2658 


2, 


.5738 


3, 


,8 


43, 


,1 


150, 


,77 


37, 


.7 


21, 


,3 


-0, 


.97876 


35, 


,2 


150.8 


132.7 


79.8 


41116 


54009, 


,51223 


-98, 


,3076 


2, 


.6117 


6, 


,0 


252, 


,9 


152, 


,70 


224, 


,8 


116. 


,1 


-0, 


,99831 


35. 


,5 


357.3 


318.0 


166.9 


41116 


54029, 


,41661 


-96, 


,2216 


11, 


.4119 


28, 


,7 


593, 


,7 


146, 


,39 


494, 


,7 


329. 


,5 


-0, 


,99454 


45. 


,3 


784.4 


653.8 


435.8 


41116 


54369, 


,52002 


-74, 


,6987 


86, 


.9307 


3, 


,0 


47, 


,4 


152, 


,01 


41, 


.8 


22, 


,4 


-0, 


.98862 


36, 


,8 


153.0 


136.2 


78.8 


41116 


54376, 


,47755 


-76, 


,0054 


85, 


,0768 


6, 


,6 


321, 


,9 


147, 


,82 


272, 


,4 


171, 


,5 


-0, 


,99897 


43, 


,1 


441.3 


374.2 


237.8 


41116 


54384, 


,49380 


-72, 


,3091 


89, 


,5548 


6, 


,0 


147, 


,2 


154, 


,26 


132, 


,6 


64, 


,1 


-0, 


,99463 


41, 


,8 


237.1 


214.3 


109.6 


41116 


54391, 


,44955 


-71, 


,4185 


90, 


,3825 


9, 


,5 


192, 


,7 


150, 


,78 


168, 


,3 


94, 


,4 


-0, 


,99329 


50, 


,3 


287.0 


251.7 


146.8 


41116 


54420, 


,45604 


-67, 


,5093 


95, 


,7218 


4, 


,9 


42, 


,3 


163, 


,49 


40 


,6 


12, 


,9 


-0, 


,91879 


39, 


,6 


150.4 


144.7 


57.2 


41116 


54425, 


,41497 


-68, 


,4678 


98, 


,1220 


6, 


,2 


54, 


,9 


159, 


,19 


51, 


,3 


20, 


,3 


-0, 


,94612 


42, 


,2 


157.1 


147.7 


68.4 


41116 


54524, 


,18054 


-53, 


,7486 


112, 


,9393 


3, 


,9 


23, 


,1 


165, 


,35 


22, 


,4 


6, 


,9 


-0, 


,81735 


35, 


,2 


143.2 


138.8 


49.7 


41116 


54769, 


,46872 


-10, 


,4299 


127, 


,9161 


7, 


,5 


125, 


,2 


157, 


,83 


116, 


,0 


47, 


,8 


-0, 


,98567 


35, 


,8 


214.7 


199.3 


87.5 


41116 


54794, 


,41053 


-5, 


,2193 


125, 


,9489 


8, 


,3 


152, 


,4 


160, 


,44 


143, 


,7 


51, 


,6 


-0, 


,98533 


36, 


,0 


242.6 


228.9 


88.0 


44926 


52979, 


,39500 


-35, 


,2577 


119, 


,9384 


7, 


,8 


330, 


,6 


160, 


,82 


312, 


,3 


108, 


,9 


-0, 


,99709 


45, 


,9 


452.0 


427.2 
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44926 


53034, 


,23459 


-34, 


,8746 


119, 


,6472 


5, 


,8 


139, 


,7 


158, 


,68 


130, 


,2 


51, 


,1 


-0, 


.99265 


41, 


,4 


229.3 


214.1 


91.8 


44926 


53250, 


,53134 


-32, 


,0356 


117, 


,5082 


25, 


,0 


2606, 


,9 


142, 


,49 


2067, 


,8 


1587. 


,6 


-0, 


,99980 


101, 


,2 


3391.9 


2691.3 


2066.9 


44926 


53271, 


,53548 


-33, 


,7021 


118, 


,8737 


4, 


,8 


167, 


,3 


150, 


,71 


146, 


,0 
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,0 


-0, 


.99778 
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,5 


258.7 


226.4 
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44926 


53284, 


,49457 


-33, 


,8095 


118, 


,8309 


13, 


,8 


138, 


,0 


18, 


,94 


130, 


,6 


46, 


,7 


0. 


,95010 


63. 


,0 


227.6 


216.2 


94.9 


44926 


53312, 


,51677 


-33, 


,8413 


118, 


,8095 


2, 


,7 


66, 


,5 


168, 


,42 


65, 


.2 


13, 


,6 


-0, 


.97877 


36, 


,5 


164.5 


161.4 


48.7 


44926 


53334, 


,45165 


-33, 


,6514 


118, 


,7316 


5, 


,3 


208, 


,1 


167, 


,00 


202, 


,8 


47, 


,1 


-0, 


,99319 


40, 


,4 


304.6 


296.9 


79.0 


44926 


53340, 
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118, 
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7, 


,2 
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,4 


172, 
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34, 


,4 
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44, 


,4 
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64.6 


44926 


53670, 


,43724 
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,3885 


116, 


,3393 


18, 


,2 


772, 


,7 


149, 


,13 


663, 


,3 


396, 


,8 
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,99857 


77, 


,5 


1014.2 


871.4 


524.6 


44926 


53727, 


,30559 
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,4332 


116, 
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14, 


,5 


171, 


,8 


152, 


,53 


152, 
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,97902 


65, 


,3 
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116, 
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28. 
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40, 


,2 


145.6 


136.9 


63.7 


44926 


53753, 


,26329 
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116, 
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16, 


,6 


207, 


,8 
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,05 


188. 
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304.3 


277.5 
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-31, 
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116, 
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,5 


153, 


,26 


304, 
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154, 
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,99007 


81, 


,6 
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44926 


54003, 


,53291 


-30, 


,1816 


115, 


,6561 


11, 


,3 


720, 


,2 
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,97 
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,8 
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,7 
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,99932 


36, 


,8 


946.7 


827.9 


460.5 
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Table 5 

PHASES Astrometry Measurements 



44926 
44926 
44926 
44926 
44926 
44926 
44926 
44926 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
58728 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
60318 
75470 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
76943 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 
77327 



54006, 
54056, 
54075, 
54350, 
54483, 
54524, 
54748, 
54762, 
53034, 
53648, 
53663, 
53705, 
53727, 
53732, 
53739, 
53746, 
53747, 
53779, 
53790, 
54174, 
54370, 
54383 
54420, 
54425, 
54483, 
54503, 
54524, 
54526, 
54529, 
52948, 
52952, 
52979, 
53034, 
53284, 
53312, 
53333, 
53334, 
53340, 
53341, 
53466, 
53473, 
53687, 
54175, 
54083, 
54084, 
54090, 
54103, 
54138, 
54174, 
54179, 
54194, 
54420, 
54433, 
54483, 
54526, 
54529, 
54530, 
54538, 
54544, 
52979, 
53033, 
53034, 
53109, 
53123, 
53285, 
53333, 
53334, 
53340, 
53341, 
53466, 
53467, 
53473, 
53687, 
53698, 
53699, 
53718, 
53726, 



51469 
44638 

40339 
53105 
24948 
16706 
50946 
44298 
27303 
52545 
52313 
41371 
33588 
39012 
31549 
29719 
35674 
20452 
20966 
16806 
52780 
.51155 
47609 
46497 
33279 
23719 
19366 
16985 
16654 
54661 
49909 
49138 
32232 
53247 
55639 
53712 
53365 
52090 
51946 
17741 
16554 
49497 
21628 
45907 
47707 
44605 
38879 
28852 
18725 
20791 
15600 
54028 
49036 
34004 
29870 
34042 
24857 
23460 
24148 
53035 
37609 
38885 
25209 
17148 
53887 
56349 
56941 
57025 
55502 
23066 
22246 
26739 
51884 
44537 
46898 
56135 
52349 



-29.8046 
-29.6302 

-29.4892 
-28.1189 
-26.6224 
-26.8294 
-25.6082 
-25.9496 
-21.7671 
-24.0983 
-23.5607 
-23.6320 
-21.9527 
-22.6217 
-22.1496 
-22.4211 
-22.3286 
-20.3576 
-18.9168 
-8.6169 
-23.7857 
-24.4379 
-24.1552 
-24.8721 
-23.4139 
-22.0842 
-21.4321 
-21.0047 
-17.9140 
50.6805 
51.4400 
51.1041 
49.0157 
45.2897 
45.0879 
45.3627 
45.7510 
44.7072 
44.5720 
43.6811 
43.3236 
40.5353 
264.5539 
-243.2769 
-243.4674 
-245.6274 
-249.1727 
-259.1432 
-268.1380 
-270.1570 
-273.3613 
-329.5905 
-332.4642 
-344.5220 
-353.8186 
-354.0925 
-353.8025 
-355.8054 
-357.0549 
-110.2675 
-114.2128 
-114.5321 
-120.2164 
-121.0349 
-132.4920 
-135.5142 
-136.1269 
-136.4403 
-136.6624 
-145.0282 
-144.8811 
-145.8576 
-158.9633 
-159.9349 
-159.9509 
-161.1589 
-161.4619 



115.3735 
115.1160 

115.0714 
113.5520 
112.3288 
112.2227 
110.7129 
110.8420 
69.7307 
102.0803 
100.7802 
94.8323 
89.4581 
88.7557 
86.7264 
85.1343 
84.7353 
74.4071 
70.5481 
42.2071 
103.1992 
103.4596 
101. .3020 
101.1027 
91.0054 
85.5832 
79.3948 
78.5180 
76.3879 
-59.5074 
-59.6509 
-58.3711 
-55.6260 
-47.1859 
-46.9776 
-46.7988 
-46.7960 
-46.6276 
-46.6507 
-44.8996 
-44.7518 
-37.8723 
58.6260 
491.0586 
490.7196 
488.8202 
484.6900 
473.1842 
460.6022 
459.0538 
453.6365 
369.6534 
364.4549 
345.1646 
327.4686 
326.1132 
325.6138 
322.5258 
319.9628 
85.2636 
86.1745 
86.2387 
87.6006 
87.8155 
90.3807 
90.8606 
90.9579 
91.0411 
91.1231 
92.6659 
92.5945 
92.6361 
94.9883 
95.0992 
95.0570 
95.3146 
95.3770 



9.0 
12.9 

6.5 
10.3 
21.5 
5.2 
17.0 
17.9 
10.8 
7.5 
5.9 
10.9 
25.8 
8.1 
12.2 
9.6 
21.7 
21.2 
27.2 
8.0 
8.0 
31.0 
8.4 
17.2 
18.0 
25.9 
9.0 
36.3 
16.1 
3.5 
7.6 
10.8 
3.9 
3.4 
1.7 
7.6 
3.5 
3.0 
3.7 
5.0 
3.7 
4.4 
9.8 
7.3 
9.4 
21.1 
11.6 
29.0 
11.1 
26.1 
14.0 
14.2 
23.9 
19.1 
33.6 
22.5 
24.9 
7.9 
12.4 
10.4 
12.4 
4.0 
8.9 
5.2 
4.8 
10.6 
10.0 
11.2 
16.9 
9.3 
17.5 
24.9 
6.6 
15.6 
19.4 
12.2 
11.1 



215.1 
105.6 

120.3 
619.4 
180.3 
78.0 
250.0 
358.2 
343.2 
201.5 
64.3 
70.3 
1204.1 
101.0 
326.7 
66.3 
406.3 
132.5 
239.3 
74.3 
277.9 
689.9 
84.6 
163.6 
123.0 
519.3 
174.0 
1269.6 
898.3 
62.2 
203.3 
481.2 
109.6 
40.7 
37.6 
258.7 
132.4 
66.0 
35.7 
53.1 
60.6 
47.0 
83.5 
155.3 
111.8 
371.2 
137.6 
462.9 
299.7 
318.2 
264.6 
437.5 
339.7 
806.1 
1083.4 
147.0 
165.4 
70.7 
92.5 
275.0 
401.5 
36.5 
125.1 
103.4 
120.0 
328.6 
202.5 
241.3 
147.5 
59.2 
202.4 
329.1 
47.7 
99.7 
109.3 
119.7 
183.4 



149.25 
160.48 
162.27 
143.81 
156.77 
160.66 
154.50 
149.17 
157.37 
147.85 
154.41 
152.52 
150.55 
162.58 
152.77 
153.84 
165.65 
150.45 
30.76 
160.67 
144.91 
147.56 
157.90 
158.05 
164.37 
155.69 
157.34 
154.42 
155.39 
165.74 
157.89 
171.72 
166.98 
17.46 
166.79 
175.88 
175.23 
175.72 
176.05 
176.16 
178.48 
29.60 
159.86 
156.07 
161.34 
158.36 
152.86 
152.45 
152.26 
159.43 
156.59 
158.11 
155.17 
151.75 
167.11 
178.82 
158.46 
161.27 
164.91 
167.10 
164.98 
167.91 
5.71 
175.66 
3.60 
167.60 
169.67 
173.55 
170.45 
174.15 
172.63 
9.15 
21.60 
10.95 
16.29 
179.01 
175.11 



184.9 
99.6 
114.6 
499.9 
165.9 
73.7 
225.7 
307.7 
316.8 
170.7 
58.0 
62.6 
1048.6 
96.4 
290.5 
59.7 
393.7 
115.7 
206.1 
70.2 
227.4 
582.5 
78.4 
151.8 
118.5 
473.3 
160.6 
1145.2 
816.8 
60.3 
188.4 
476.2 
106.8 
38.9 
36.6 
258.0 
131.9 
65.8 
35.7 
53.0 
60.6 
40.9 
78.4 
141.9 
105.9 
345.2 
122.6 
410.6 
265.3 
298.1 
242.9 
406.0 
308.5 
710.2 
1056.1 
147.0 
154.2 
67.0 
89.4 
268.0 
387.8 
35.7 
124.5 
103.1 
119.7 
321.0 
199.2 
239.7 
145.5 
58.9 
200.7 
325.0 
44.4 
97.9 
105.1 
119.7 
182.7 



110.2 
37.3 
37.2 

365.8 
73.8 
26.3 
108.7 
184.2 
132.4 
107.4 
28.3 
33.9 
592.4 
31.2 
149.9 
30.5 
102.9 
67.9 
124.6 
25.7 
159.9 
371.0 
32.7 
63.2 
37.4 
215.1 
67.6 
549.2 
374.3 
15.7 
76.9 
70.1 
25.0 
12.7 
8.8 
20.1 
11.5 
5.7 
4.4 
6.1 
4.1 
23.5 
30.2 
63.3 
36.8 
138.3 
63.6 
215.7 
139.8 
114.4 
105.9 
163.6 
144.3 
381.9 
243.9 
22.7 
65.0 
23.9 
26.9 
62.2 
104.8 
8.6 
15.3 
9.4 
8.9 
71.3 
37.6 
29.3 
29.6 
11.1 
31.3 
57.8 
18.6 
24.4 
35.9 
12.4 
19.1 



-0.99545 
-0.93095 

-0.98294 
-0.99939 
-0.94874 
-0.97785 
-0.98490 
-0.99358 
-0.99611 
-0.99662 
-0.97280 
-0.93234 
-0.99875 
-0.96273 
-0.99580 
-0.93716 
-0.97597 
-0.93377 
0.96737 
-0.94447 
-0.99814 
-0.99510 
-0.96108 
-0.95604 
-0.86616 
-0.99124 
-0.98945 
-0.99731 
-0.99888 
-0.97250 
-0.99427 
-0.98787 
-0.98703 
0.95873 
-0.97880 
-0.92495 
-0.95181 
-0.85574 
-0.54756 
-0.57727 
-0.39431 
0.97657 
-0.93862 
-0.99203 
-0.96344 
-0.98646 
-0.97871 
-0.98842 
-0.99598 
-0.97001 
-0.98962 
-0.99561 
-0.98328 
-0.99838 
-0.98994 
-0.12997 
-0.91158 
-0.93774 
-0.87857 
-0.98530 
-0.99248 
-0.88040 
0.80954 
-0.83267 
0.84170 
-0.98844 
-0.96248 
-0.92269 
-0.81530 
-0.53277 
-0.82461 
0.89955 
0.92521 
0.75695 
0.82698 
-0.16542 
-0.81294 



36.1 
37.3 

35.6 
52.5 
41.1 
35.4 
38.9 
39.3 
53.9 
45.1 
41.6 
54.2 

104.1 
46.6 
58.1 
50.6 
89.6 
87.8 

109.1 
35.9 
46.4 

122.9 
47.4 
74.1 
39.4 
43.5 
36.1 
50.4 
38.5 
37.4 
45.4 
53.9 
38.0 
37.3 
35.6 
45.4 
37.4 
36.8 
37.7 
39.8 
37.7 
38.8 
36.3 
35.8 
36.2 
40.9 
36.9 
45.5 
36.7 
43.7 
37.7 
64.3 
42.4 
39.9 
48.5 
41.6 
43.0 
35.9 
37.1 
52.8 
58.7 
38.2 
48.7 
40.2 
39.5 
53.4 
51.7 
55.1 
73.1 
49.7 
75.1 

100.9 
43.1 
68.8 
81.6 
58.1 
54.8 



312.7 
196.1 

209.9 
817.3 
273.0 
172.9 
353.9 
486.3 
467.6 
297.0 
163.1 
167.2 
1571.6 
191.9 
447.2 
164.4 
546.4 
222.0 
341.1 
170.1 
387.4 
907.7 
178.0 
254.6 
212.5 
689.5 
266.0 
1656.4 
1176.2 
161.7 
299.1 
641.0 
199.8 
149.7 
148.3 
364.3 
221.9 
164.2 
147.5 
156.1 
160.6 
152.8 
177.2 
245.7 
201.8 
502.5 
227.2 
617.8 
414.0 
436.7 
371.4 
585.7 
463.3 
1057.2 
1415.4 
236.9 
256.6 
167.5 
184.6 
383.9 
540.4 
147.8 
214.6 
194.1 
209.6 
449.5 
298.2 
343.5 
237.4 
159.8 
298.0 
450.2 
153.1 
190.8 
199.5 
209.3 
276.5 



269.4 
185.2 
200.2 
660.3 
251.4 
163.5 
319.8 
418.0 
432.1 
252.6 
148.2 
150.4 

1369.5 
183.7 
398.5 
149.2 
529.8 
197.9 
298.4 
160.9 
318.1 
768.9 
165.9 
237.8 
204.9 
628.6 
245.9 

1494.2 

1069.4 
157.0 
277.6 
634.4 
194.8 
143.2 
144.6 
363.4 
221.1 
163.8 
147.2 
155.8 
160.6 
134.2 
166.8 
225.0 
191.5 
467.3 
202.8 
548.2 
366.8 
409.2 
341.1 
544.0 
420.8 
931.5 

1379.7 
236.8 
239.2 
159.0 
178.5 
374.4 
522.2 
144.8 
213.6 
193.6 
209.2 
439.2 
293.5 
341.4 
234.4 
159.0 
295.7 
444.7 
143.2 
187.8 
192.8 
209.3 
275.5 



162.9 
74.4 

72.4 
484.4 
114.1 
66.3 
156.3 
251.5 
186.7 
162.6 
79.8 
90.9 
778.0 
72.7 
211.0 
85.5 
160.9 
133.5 
198.1 
65.7 
225.9 
497.8 
80.1 
117.4 
68.7 
286.6 
107.8 
716.6 
491.0 
53.9 
120.2 
106.6 
58.3 
57.3 
48.5 
52.3 
41.6 
38.7 
39.0 
41.1 
37.9 
82.6 
69.9 
104.9 
73.1 
189.1 
108.7 
288.6 
195.4 
158.8 
151.6 
226.4 
198.3 
501.6 
319.3 
41.9 
102.3 
63.6 
59.9 
100.0 
151.1 
48.5 
52.9 
42.7 
41.5 
109.7 
73.8 
67.0 
82.2 
52.1 
83.8 
122.7 
69.1 
76.7 
96.3 
58.2 
59.5 
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Table 5 

PHASES Astrometry Measurements 



77327 


53732, 


.49665 


-161. 


.8307 


95, 


.4057 


4. 


,5 


45. 


,1 


172. 


,21 


44, 


.7 


7. 


.5 


-0. 


.80147 


39. 


.0 


151.8 


150.5 


43.7 


77327 


53734, 


.47257 


-161. 


.9759 


95 


.4596 


3. 


,3 


30. 


,1 


167, 


,83 


29 


.4 


7. 


.1 


-0, 


.88005 


37. 


,2 


145.4 


142.3 


47.5 


77327 


53746, 


.46960 


-162, 


.8842 


95, 


.5801 


8, 


.0 


94, 


.0 


174, 


.54 


93 


.6 


12, 


.0 


-0, 


.73969 


46. 


.4 


185.8 


185.0 


49.4 


77327 


53753, 


.43625 


-162, 


.8057 


95, 


.5909 


20, 


.8 


813, 


.3 


171, 


.92 


805, 


.2 


116, 


.1 


-0, 


.98349 


86, 


.4 


1066.5 


1056.0 


172.6 


77327 


53777, 


.36184 


-164, 


.5512 


95, 


.8050 


9, 


.5 


188, 


.7 


170, 


.04 


185, 


.8 


33, 


.9 


-0, 


.95855 


50, 


.3 


282.4 


278.3 


69.6 


77327 


53779, 


.35888 


-164, 


.2439 


95, 


.7494 


20, 


.4 


437, 


.0 


170, 


.37 


430, 


.9 


75, 


.8 


-0, 


.96220 


85, 


.1 


585.1 


577.0 


128.9 


77327 


53789, 


.23747 


-165, 


.3090 


96, 


.0722 


30, 


.6 


827, 


.4 


21, 


.45 


770, 


.2 


303, 


,9 


0, 


,99413 


121, 


.4 


1084.7 


1010.5 


412.4 


77327 


53790, 


.24516 


-165, 


.4556 


95, 


.9622 


7, 


.6 


157, 


.5 


23, 


.84 


144, 


.1 


64, 


.0 


0, 


,99165 


45, 


,4 


248.0 


227.6 


108.5 


77327 


53818, 


.32093 


-167, 


.2428 


96, 


.1559 


14, 


.4 


296, 


.3 


7, 


.09 


294, 


.1 


39, 


.3 


0, 


.92959 


65, 


.0 


409.8 


406.8 


81.9 


77327 


53865, 


.18143 


-170, 


.1031 


96 


.5281 


9, 


.6 


294, 


.3 


5, 


.53 


292, 


.9 


30, 


.0 


0, 


.94621 


50, 


.6 


407.4 


405.5 


63.8 


77327 


53866, 


.15364 


-170, 


.3111 


96 


.5471 


12, 


.5 


373, 


.2 


179, 


.72 


373, 


.2 


12, 


.6 


-0, 


.14192 


59, 


.0 


505.0 


504.9 


59.1 


77327 


54070, 


.54943 


-181, 


.8796 


97, 


.9328 


8, 


.4 


124, 


.1 


167, 


.85 


121, 


.4 


27, 


.4 


-0, 


.94951 


36, 


.0 


213.6 


209.0 


57.1 


77327 


54075, 


.56122 


-182, 


.0574 


97, 


.9003 


11, 


.6 


190, 


.4 


173, 


.89 


189, 


.3 


23, 


.3 


-0, 


.86658 


36, 


.9 


284.4 


282.8 


47.5 


77327 


54083, 


.56093 


-182, 


.6256 


97, 


.9823 


15, 


.1 


249, 


.6 


178, 


.94 


249, 


.6 


15, 


.8 


-0, 


.29046 


38, 


.1 


353.4 


353.3 


38.7 


77327 


54084, 


.53031 


-183, 


.5955 


98 


.1133 


23, 


.7 


930, 


.5 


171, 


.99 


921, 


.5 


131, 


.8 


-0, 


.98339 


42, 


.3 


1217.7 


1205.9 


174.8 


77327 


54090, 


.54319 


-183, 


.0315 


98, 


.0199 


13, 


.3 


160, 


.1 


179, 


.08 


160, 


.1 


13, 


.5 


-0, 


.18942 


37, 


.4 


250.8 


250.8 


37.7 


77327 


54138, 


.39563 


-185, 


.2061 


98, 


.2216 


18, 


.1 


405, 


.1 


174, 


.88 


403, 


.5 


40, 


.3 


-0, 


.89333 


39, 


.4 


544.9 


542.8 


62.5 


77327 


54174, 


.33117 


-187, 


.4601 


98, 


.3954 


5, 


.8 


118, 


.7 


3, 


.34 


118, 


.5 


9, 


.0 


0, 


,76319 


35, 


.5 


208.4 


208.0 


37.4 


77327 


54175, 


.31402 


-187, 


.4958 


98, 


.4070 


5, 


.5 


104, 


.1 


0, 


.04 


104, 


.1 


5, 


.5 


0, 


,01440 


35, 


,4 


194.7 


194.7 


35.4 


77327 


54196, 


.22624 


-188, 


.4392 


98, 


.4568 


7, 


.6 


167, 


.2 


173, 


.34 


166, 


.0 


20, 


.8 


-0, 


.93001 


35, 


.8 


258.5 


256.8 


46.5 


77327 


54215, 


.17245 


-189, 


.6068 


98, 


.5838 


3, 


.8 


55, 


.4 


172, 


.53 


54, 


.9 


8, 


.1 


-0, 


.88042 


35, 


.2 


157.4 


156.2 


40.5 


77327 


54216, 


.18008 


-189, 


.4611 


98, 


.5665 


17, 


.4 


138, 


.1 


175, 


.19 


137, 


.6 


20, 


.8 


-0, 


.54686 


39, 


.1 


227.7 


226.9 


43.4 


77327 


54229, 


.17768 


-190, 


.3568 


98 


.6330 


14, 


.4 


298, 


.9 


4, 


.01 


298, 


.2 


25, 


.4 


0, 


,82180 


37, 


,8 


413.0 


412.0 


47.5 


77327 


54231, 


.17091 


-190, 


.2099 


98, 


.6405 


8, 


.5 


170, 


.5 


3, 


.56 


170, 


.1 


13, 


.5 


0, 


.77952 


36, 


.0 


262.2 


261.7 


39.5 


77327 


54237, 


.17798 


-190, 


.3349 


98, 


.7236 


19, 


.8 


921, 


.7 


9, 


.21 


909, 


.8 


148. 


.8 


0. 


.99091 


40. 


.2 


1206.4 


1190.8 


197.1 


77327 


54454, 


.51102 


-200, 


.4767 


99, 


.2497 


33, 


.8 


2453, 


.1 


171, 


.18 


2424, 


.1 


377. 


.6 


-0. 


.99588 


48. 


.7 


3192.1 


3154.4 


491.8 


77327 


54502, 


.41055 


-204, 


.0323 


99, 


.4837 


30, 


.9 


831, 


.4 


177, 


.59 


830. 


.7 


46. 


.6 


-0. 


.74872 


46. 


.7 


1089.8 


1088.9 


65.4 


77327 


54538, 


.28712 


-205, 


.6761 


99 


.5105 


4, 


.9 


50, 


.3 


171, 


.51 


49, 


.8 


8, 


.9 


-0, 


.82745 


35. 


.3 


154.5 


152.9 


41.7 


77327 


54544, 


.28725 


-205, 


.8363 


99, 


.4961 


8, 


.2 


95, 


.6 


175, 


.75 


95, 


.4 


10, 


.8 


-0, 


.64870 


35, 


.9 


187.2 


186.7 


38.4 


79096 


54056, 


.53627 


0, 


.2350 


49, 


.9778 


27, 


.6 


312, 


.7 


157, 


.07 


288, 


.2 


124, 


,5 


-0, 


.97070 


44, 


.6 


429.9 


396.3 


172.5 


79096 


54075, 


.43903 


-15, 


.0197 


53, 


.2484 


22, 


.3 


350, 


.3 


147, 


.35 


295, 


.2 


189, 


,9 


-0, 


.99025 


41, 


5 


476.4 


401.8 


259.4 


81858 


53467, 


.16912 


657, 


2324 


-60, 


.1448 


25, 


.7 


433, 


.9 


155, 


.97 


396, 


.4 


178, 


,3 


-0, 


.98749 


103, 


.7 


581.2 


532.5 


254.9 


81858 


53705, 


.49000 


667, 


1219 


-75, 


.1289 


25, 


.6 


186, 


.3 


157, 


.18 


172, 


.0 


76, 


.0 


-0, 


.93123 


103, 


.4 


279.7 


260.9 


144.4 


81858 


53746, 


.41422 


668, 


7535 


-77, 


.5370 


20, 


.0 


194, 


.3 


157, 


.92 


180, 


.2 


75, 


.4 


-0, 


.95801 


83, 


.7 


288.8 


269.5 


133.4 


81858 


54061, 


.55491 


680, 


2136 


-95, 


.9792 


10, 


.1 


193, 


.6 


159, 


.13 


181 


.0 


69, 


.6 


-0, 


.98791 


36, 


.4 


288.0 


269.4 


108.1 


81858 


54063, 


.55814 


681, 


5987 


-96, 


.5756 


29, 


.5 


574, 


.6 


160, 


.99 


543, 


.3 


189, 


,3 


-0, 


.98630 


45, 


.8 


760.0 


718.7 


251.3 


81858 


54083, 


.48145 


681, 


.1639 


-97, 


.3074 


17, 


.1 


130, 


.8 


154, 


.57 


118, 


.4 


58, 


.2 


-0, 


.94606 


39, 


.0 


220.3 


199.6 


100.9 


81858 


54090, 


.48497 


681. 


.5160 


-97, 


.7666 


24, 


.3 


659, 


.0 


160, 


.67 


621, 


.9 


219. 


.3 


-0, 


.99309 


42, 


.6 


868.1 


819.3 


290.1 
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.1213 


18, 


.2 


426, 


.5 


166, 


.80 


415.2 


99, 


.0 


-0.98196 


77, 


.5 


571.9 


557.0 


150.8 


157482 


53187, 


,30536 


46, 


.1426 


-91 


.2225 


13, 


.0 


441 


.4 


166, 


.94 


430.0 


100, 


,6 


-0.99110 


60, 


,5 


590.7 


575.5 


145.9 


157482 


53197, 


,26925 


46, 


.1852 


-92, 


.1523 


4, 


.8 


117, 


.1 


164, 


.87 


113.0 


30, 


.9 


-0.98714 


39, 


.5 


206.8 


199.9 


66.1 


157482 


53198, 


,24332 


46, 


.2937 


-92, 


.2555 


5, 


.7 


54, 


.6 


160, 


.36 


51.5 


19, 


.1 


-0.94837 


41, 


.2 


157.0 


148.5 


65.5 


157482 


53199, 


,29260 


44, 


.0251 


-91, 


.9446 


24, 


.7 


1645, 


.4 


171, 


.42 


1627.0 


246. 


.7 


-0.99488 


100, 


.2 


2143.6 


2119.7 


334.8 


157482 


53208, 


,25310 


46, 


.4304 


-92, 


.4901 


6, 


.6 


181, 


.7 


37, 


.67 


143.9 


111. 


.1 


0.99718 


43. 


.1 


274.6 


218.9 


171.2 


157482 


53214, 


.24152 


45, 


.6336 


-93 


.3429 


5, 


.5 


125, 


.9 


169, 


.45 


123.8 


23, 


.7 


-0.97194 


40. 


.8 


215.4 


211.9 


56.2 


157482 


53215, 


.23168 


45, 


.6364 


-93, 


.5172 


4, 


.8 


110, 


.7 


167, 


.53 


108.1 


24, 


.3 


-0.97962 


39, 


.5 


200.8 


196.2 


58.0 


157482 


53221, 


.22283 


46, 


.2560 


-92, 


.9726 


8, 


.8 


342, 


.3 


38, 


.91 


266.4 


215, 


1 


0.99860 


48, 


.4 


466.5 


364.3 


295.4 


157482 


53228, 


.21020 


45, 


.0884 


-94, 


.3310 


7, 


.2 


100, 


.6 


169, 


.45 


98.9 


19, 


.7 


-0.92813 


44, 


.4 


191.6 


188.5 


56.0 


157482 


53229, 


.22147 


45, 


.2196 


-94, 


.5160 


6, 


.4 


80, 


.0 


172, 


.84 


79.4 


11, 


.8 


-0.83913 


42, 


.6 


174.4 


173.1 


47.5 


157482 


53233, 


.18369 


45, 


.0993 


-94, 


.8458 


6, 


.0 


64, 


.7 


167, 


.67 


63.2 


15, 


.0 


-0.91188 


41, 


.8 


163.3 


159.8 


53.7 


157482 


53234, 


.20226 


44, 


.8269 


-94, 


.7637 


7, 


.6 


37, 


.8 


172, 


.74 


37.5 


8, 


.9 


-0.51350 


45, 


.4 


148.4 


147.3 


48.8 


157482 


53235, 


.21839 


45, 


.2153 


-94, 


.9183 


8, 


.5 


107, 


.1 


176, 


.57 


106.9 


10, 


.6 


-0.60012 


47, 


.6 


197.4 


197.1 


49.0 


157482 


53236, 


.16808 


44, 


.4598 


-94, 


.8862 


4, 


.7 


78, 


.1 


166 


.59 


76.0 


18, 


.7 


-0.96551 


39, 


.3 


172.9 


168.5 


55.4 


157482 


53249, 


.16080 


44, 


.2467 


-95, 


.8032 


4, 


.3 


87, 


.9 


172, 


.71 


87.2 


12, 


.0 


-0.93122 


38, 


.6 


180.7 


179.3 


44.7 


157482 


53466, 


.52339 


31, 


.4133 


-102, 


.8882 


9, 


.9 


204, 


.2 


163, 


.01 


195.3 


60, 


.4 


-0.98523 


51, 


.4 


300.1 


287.4 


100.5 


157482 


53481, 


.50702 


30, 


.4434 


-103, 


.3347 


11, 


.1 


311, 


.1 


38, 


.18 


244.7 


192. 


.5 


0.99731 


54. 


.8 


428.0 


338.1 


268.0 


157482 


53494, 


.45379 


29, 


.5257 


-103, 


.1672 


18, 


.6 


251, 


.9 


163, 


.98 


242.2 


71. 


.8 


-0.96315 


78. 


.9 


356.1 


343.0 


124.1 


157482 


53585, 


.25004 


23, 


.9817 


-102 


.6116 


10, 


.1 


114, 


.7 


174, 


.02 


114.0 


15, 


.6 


-0.76046 


51. 


.9 


204.5 


203.5 


55.9 


157482 


53874, 


.42903 


1, 


.2460 


-88, 


.7776 


6, 


.8 


99, 


.5 


168, 


.07 


97.4 


21 


.6 


-0.94661 


43, 


.5 


190.6 


186.7 


58.0 


157482 


53956, 


.21473 


-5, 


.0781 


-81, 


.9131 


9, 


.2 


341, 


.7 


170, 


.23 


336.8 


58, 


.7 


-0.98729 


36, 


.2 


465.7 


459.0 


86.7 


157482 


54216, 


.50608 


-22, 


.1555 


-45, 


.7120 


8, 


.7 


202, 


.1 


171, 


.22 


199.7 


32, 


.0 


-0.96157 


36, 


.1 


297.7 


294.3 


57.8 


157482 


54217, 


.49399 


-23, 


.6355 


-49, 


.4281 


9, 


.6 


162, 


.5 


169, 


.30 


159.7 


31, 


.6 


-0.95109 


36, 


.3 


253.4 


249.1 


59.0 


157482 


54222, 


.50033 


-28, 


.3453 


-48, 


.1186 


15, 


.6 


453, 


.9 


172, 


.74 


450.3 


59, 


.4 


-0.96421 


38, 


.3 


606.5 


601.6 


85.5 


163840 


54229, 


.48700 


32, 


.9814 


-47, 


.2685 


17, 


.1 


267, 


.9 


168, 


.21 


262.2 


57, 


.2 


-0.95254 


39, 


.0 


375.4 


367.5 


85.7 


163840 


54336, 


.19699 


29, 


.6432 


-81 


.4727 


17, 


.6 


163, 


.5 


168, 


.93 


160.5 


35, 


.8 


-0.86590 


75, 


.5 


254.5 


250.2 


88.7 


163840 


54350, 


.16298 


28, 


.9940 


-84, 


.8398 


20, 


.4 


327, 


.5 


170, 


.79 


323.3 


56, 


.2 


-0.92952 


85, 


.1 


448.2 


442.6 


110.4 


171779 


52808, 


.35348 


222, 


.2909 


-118, 


.7665 


31, 


.3 


424, 


.5 


105, 


.79 


119.4 


408, 


.6 


-0.96212 


124, 


.0 


569.3 


195.5 


548.9 


171779 


52834, 


.36024 


225. 


.6783 


-119, 


.4033 


20, 


.4 


1868, 


.3 


175, 


.56 


1862.7 


145. 


.9 


-0.99015 


85, 


.1 


2432.8 


2425.5 


206.5 


171779 


52862, 


.30296 


221. 


.9964 


-119, 


.4218 


5, 


.7 


100, 


.4 


179, 


.91 


100.4 


5. 


.7 


-0.02887 


41, 


.2 


191.4 


191.4 


41.2 


171779 


52863, 


.28434 


222. 


.1970 


-119, 


.4295 


9, 


.8 


127, 


.3 


175, 


.62 


126.9 


13. 


.8 


-0.69960 


51, 


.1 


216.8 


216.2 


53.6 


171779 


52864, 


.31303 


222, 


.3216 


-119 


.3997 


9, 


.5 


180, 


.2 


4, 


.43 


179.6 


16, 


.8 


0.82539 


50, 


.3 


272.9 


272.1 


54.4 


171779 


52865, 


.30141 


221, 


,9020 


-119 


.4603 


10, 


.4 


117, 


.0 


1 


.66 


116.9 


11, 


.0 


0.30652 


52, 


,8 


206.7 


206.6 


53.1 


171779 


52891, 


.21310 


221, 


,9119 


-119 


.7123 


13, 


.9 


417, 


.5 


177, 


.49 


417.1 


23, 


.0 


-0.79584 


63, 


.4 


560.5 


560.0 


67.9 


171779 


52894, 


.23156 


221, 


.9503 


-119, 


.7423 


7, 


.8 


234, 


.7 


3, 


.92 


234.1 


17, 


.8 


0.89999 


45, 


,9 


335.7 


334.9 


51.2 


171779 


52896, 


.20046 


221, 


.6371 


-119, 


.6784 


6, 


.0 


62, 


.7 


177, 


.22 


62.6 


6, 


.7 


-0.45030 


41, 


.8 


162.0 


161.8 


42.5 


171779 


52897, 


.22741 


222, 


,9335 


-119, 


.6507 


11, 


.7 


348, 


.7 


5, 


.15 


347.3 


33, 


.4 


0.93643 


56, 


,6 


474.4 


472.5 


70.6 


171779 


52917, 


.13191 


221, 


1082 


-119, 


.9472 


4, 


.9 


147, 


.1 


175, 


.12 


146.6 


13, 


.4 


-0.93027 


39, 


.6 


237.0 


236.2 


44.3 


171779 


52918, 


.16098 


221, 


,2135 


-119, 


.9961 


15, 


.7 


937, 


.9 


2, 


.98 


936.6 


51, 


.2 


0.95168 


69, 


2 


1227.3 


1225.6 


94.0 


171779 


52920, 


.14902 


221, 


2713 


-120, 


.0294 


12, 


.3 


408, 


.3 


1, 


.61 


408.2 


16, 


.8 


0.68297 


58, 


,4 


548.9 


548.7 


60.4 


171779 


52929, 


.11933 


221, 


.3020 


-120, 


.0970 


4, 


.5 


137, 


.1 


0, 


.23 


137.1 


4, 


.6 


0.12035 


39, 


.0 


226.6 


226.6 


39.0 


171779 


52930, 


.10995 


221. 


.1524 


-120, 


.0815 


7, 


.2 


185, 


.5 


178, 


.74 


185.5 


8, 


.3 


-0.49262 


44, 


.4 


278.8 


278.8 


44.8 


171779 


53131, 


.44662 


219. 


.4510 


-122, 


.5100 


19, 


.0 


403, 


.5 


25, 


.15 


365.3 


172. 


.4 


0.99258 


80. 


.2 


542.9 


492.6 


241.9 


171779 


53168, 


.47198 


219. 


.4481 


-122, 


.6406 


4, 


.1 


70, 


.4 


1, 


.94 


70.3 


4. 


.7 


0.50092 


38. 


.3 


167.3 


167.2 


38.7 
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171779 


53199, 


.36474 


219. 


.6117 


-123, 


.0555 


9, 


.7 


328, 


.0 


176, 


.46 


327.4 


22. 


.5 


-0.90134 


50. 


.8 


448.8 


447.9 


57.8 


171779 


53207, 


.24884 


219, 


.5253 


-123 


.0926 


13, 


.3 


462, 


.9 


27, 


.06 


412.3 


210. 


.9 


0.99749 


61. 


.5 


617.8 


550.9 


286.4 


171779 


53214, 


.34597 


219, 


1263 


-123, 


.1707 


3, 


.1 


77, 


.3 


1, 


.40 


77.2 


3, 


.7 


0.51293 


36. 


,9 


172.3 


172.3 


37.2 


171779 


53236, 


.26985 


218, 


,8993 


-123, 


.4054 


2, 


.5 


81, 


.0 


177, 


.98 


80.9 


3, 


.8 


-0.75752 


36, 


.3 


175.2 


175.1 


36.8 


171779 


53251, 


.23408 


218, 


,7086 


-123, 


.5691 


5, 


.0 


118, 


.4 


179, 


.22 


118.4 


5, 


.2 


-0.30556 


39, 


.8 


208.1 


208.0 


39.9 


171779 


53585, 


.32238 


216, 


,3509 


-126, 


.8928 


11, 


.2 


333, 


.2 


179, 


.80 


333.2 


11, 


.3 


-0.10360 


55, 


.1 


455.2 


455.2 


55.1 


171779 


53620, 


.20055 


213, 


,6541 


-127, 


.0893 


24, 


.2 


1559, 


.2 


173, 


.71 


1549.8 


172, 


,6 


-0.98999 


98, 


.4 


2031.8 


2019.6 


243.1 


171779 


53636, 


.19192 


216, 


,2497 


-127, 


.4120 


11, 


.1 


370, 


.6 


2, 


.65 


370.2 


20, 


.4 


0.83741 


54, 


.8 


501.7 


501.2 


59.5 


171779 


53894, 


.49167 


213, 


.7129 


-129, 


.9290 


10, 


.9 


291, 


.4 


3, 


.74 


290.8 


21, 


.9 


0.86728 


54, 


.2 


403.9 


403.0 


60.2 


171779 


53929, 


.37774 


213. 


.3161 


-130 


.3377 


5, 


.3 


132, 


.4 


178, 


.98 


132.4 


5, 


.8 


-0.40983 


35, 


.4 


221.9 


221.8 


35.6 
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171779 


53930, 


,37774 


213. 


,1329 


-130. 


.3739 


3. 


,2 


71. 


,6 


0. 


,08 


71, 


.6 


3.2 


0.03067 


37. 


,1 


168, 


,1 


168, 


,1 


37.1 


171779 


53936, 


,35814 


213, 


,1750 


-130 


.4222 


4. 


,5 


110. 


,2 


178. 


,59 


110, 


,1 


5.2 


-0.51567 


35. 


,3 


200, 


,3 


200, 


,2 


35.6 


171779 


53937, 


,35615 


213. 


,2334 


-130, 


.4124 


3. 


,6 


82. 


,9 


178. 


,86 


82, 


,9 


4.0 


-0.41030 


37. 


,6 


176, 


,7 


176, 


,6 


37.7 


171779 


53942, 


,33879 


212. 


,8086 


-130, 


.4947 


9. 


,8 


455. 


,0 


178. 


,07 


454, 


,7 


18.2 


-0.84189 


36, 


,3 


607, 


,8 


607, 


,5 


41.7 


171779 


53949, 


,32378 


213. 


,4291 


-130, 


.5064 


17. 


,8 


1009, 


,2 


179, 


,18 


1009, 


,1 


23.0 


-0.62961 


39, 


,3 


1319, 


,4 


1319, 


,3 


43.6 


171779 


53951, 


,31374 


212. 


,7836 


-130, 


.5483 


2, 


,8 


47, 


,5 


178, 


,39 


47, 


.5 


3.1 


-0.42651 


35, 


,1 


153, 


,0 


153, 


,0 


35.4 


171779 


53956, 


,31011 


212. 


,9765 


-130, 


.6239 


4, 


,9 


123, 


,4 


0, 


,78 


123, 


.4 


5.1 


0.32578 


35, 


,3 


212, 


,9 


212, 


,9 


35.5 


171779 


53957, 


,28590 


212. 


,6294 


-130, 


.6101 


6, 


,4 


398, 


,4 


175, 


,46 


397, 


,2 


32.2 


-0.97984 


35, 


,6 


536, 


,5 


534, 


,8 


55.3 


171779 


53958, 


,29026 


212. 


,9650 


-130, 


.5947 


5, 


,2 


59, 


.5 


176, 


.45 


59, 


.4 


6.3 


-0.57588 


35, 


,4 


159, 


,9 


159, 


,7 


36.7 


171779 


53963, 


,26954 


212. 


,7146 


-130, 


.6330 


24, 


.5 


686, 


.3 


175, 


.85 


684, 


.5 


55.4 


-0.89612 


42, 


,7 


903, 


,1 


900, 


,7 


78.0 


171779 


53964, 


,26536 


213. 


,2967 


-130 


.7210 


17, 


.1 


480, 


.8 


175, 


.35 


479, 


.2 


42.6 


-0.91533 


39, 


,0 


640, 


,5 


638, 


,4 


64.8 


171779 


53965, 


,26415 


212. 


.6975 


-130. 


.6755 


3, 


.2 


86, 


.8 


175, 


.73 


86, 


.6 


7.2 


-0.89600 


35. 


,1 


179, 


,8 


179, 


,3 


37.5 


171779 


53970, 


,26381 


212. 


.9056 


-130. 


.7631 


3, 


.3 


112, 


.3 


178, 


.66 


112, 


.3 


4.2 


-0.62001 


35. 


,2 


202, 


,3 


202, 


,2 


35.5 


171779 


53971, 


,25825 


212. 


.8738 


-130. 


.7368 


4, 


.1 


110, 


.2 


178, 


.54 


110, 


.2 


5.0 


-0.56223 


35. 


,2 


200, 


,3 


200, 


,2 


35.6 


171779 


53979, 


,25553 


212. 


,8052 


-130 


.7791 


6, 


.5 


206, 


.8 


2, 


.34 


206, 


.6 


10.6 


0.79376 


35. 


,6 


303, 


,1 


302, 


,9 


37.7 


171779 


53992, 


,19426 


212. 


,8410 


-130, 


.9400 


7, 


,1 


89, 


,4 


175, 


,99 


89, 


.2 


9.5 


-0.65598 


35. 


,7 


182, 


,0 


181, 


,5 


37.8 


171779 


53993, 


,17934 


211. 


,6802 


-130, 


.8416 


19, 


,3 


1407, 


,9 


173, 


,68 


1399, 


,3 


156.3 


-0.99225 


40. 


,0 


1835, 


,6 


1824, 


,5 


205.9 


171779 


54003, 


,17235 


212. 


,6577 


-131 


.0548 


16, 


,8 


165, 


,0 


177, 


,52 


164, 


,8 


18.2 


-0.38794 


38, 


,8 


256, 


,1 


255, 


,9 


40.3 


171779 


54006, 


,17808 


212. 


,6724 


-131 


.1255 


3, 


,4 


96, 


,4 


1, 


,81 


96 


.3 


4.6 


0.66686 


35, 


2 


187, 


,9 


187, 


,8 


35.6 


171779 


54007, 


,18032 


212. 


,5338 


-131, 


.1279 


4, 


,4 


141, 


.7 


2, 


,92 


141 


.5 


8.4 


0.85380 


35, 


,3 


231, 


,4 


231, 


,1 


37.1 


171779 


54251 


,49209 


210. 


,5304 


-133, 


.4152 


8, 


,0 


209, 


.9 


178, 


,19 


209, 


,8 


10.4 


-0.63936 


35, 


,9 


306, 


,7 


306, 


,5 


37.2 


171779 


54252 


,48964 


209. 


,8767 


-133 


.4837 


9, 


,2 


259, 


,3 


178, 


,18 
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.8 
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7 
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,6 
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.7 
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.2 
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.4 
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.5 
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.5 
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.9 
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.9 


76.1 
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.9 
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6, 


.9 
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.3 
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.8 
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.8 
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.5 
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.7 
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.4784 


101, 


.1195 


7, 


.7 


352, 


.2 


149, 


.87 


304, 


.6 


176, 


,9 


-0.99874 


45. 


,6 


478, 


,8 


414, 


.7 


243.6 


202275 


53186, 


.40418 


25, 


.5096 


99, 


.5865 


18, 


.2 


733, 


.9 


151, 


.54 


645, 


.2 


350, 


1 


-0.99825 


77. 


5 


964, 


,3 


848, 


.6 


464.6 


202275 


53187, 


.40064 


26, 


.2103 


98, 


.5359 


6, 


.0 


214, 


.8 


151, 


.72 


189, 


.2 


101, 


,9 


-0.99778 


41. 


,8 


312, 


,4 


275, 


.8 


152.5 


202275 


53197, 


.39934 


21, 
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.3 
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.8 
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.7 
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.7 
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.4 
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.1 
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.4 
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.0 
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.6 
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.7 
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.3 
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.7 


438. 


.4 


409, 


.9 
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54230, 
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.1 


508, 


.3 
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.9 
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,4 
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,5 
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.9 
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.0 
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.9 
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.7 
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.1 
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.9 
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.0 
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542, 


.1 


383, 


.2 


-0, 


.99946 


36, 


.5 


874.2 


714.2 


505.4 


202275 


54741, 


.22082 


-15, 


.9349 


-128, 


.7799 


20, 


.8 


2031, 


.7 


166, 


.92 


1979, 


.0 


460, 


.2 


-0, 


.99892 


40, 


.7 


2644.9 


2576.3 


599.9 


202275 


54748, 


.19278 


-14, 


.0966 


-124, 


.6952 


9, 


.9 


315, 


.6 


164, 


.78 


304, 


.6 


83, 


.4 


-0, 


.99238 


36, 


.4 


433.5 


418.4 


119.1 


202275 


54762, 


.15379 


-8, 


.3398 


-117, 


.0524 


29, 


.0 


1281, 


.7 


164, 


.98 


1237, 


.9 


333. 


.5 


-0, 


.99593 


45, 


.5 


1672.1 


1615.0 


435.5 


202444 


53234, 


.35595 


-753, 


.9975 


31, 


.7802 


12, 


.3 


588, 


.3 


170, 


.69 


580, 


.5 


96. 


.0 


-0, 


.99147 


58, 


.4 


777.5 


767.3 


138.4 


202444 


53243, 


.26521 


-754, 


.0677 


29 


.5872 


33, 


.0 


1259, 


.1 


26, 


.66 


1125, 


.4 


565. 


.7 


0, 


.99786 


130, 


.2 


1642.8 


1469.3 


746.2 


202444 


53250, 


.31241 


-753, 


.8386 


27, 


.5376 


9, 


.5 


59, 


.1 


165, 


.11 


57, 


.2 


17, 


.7 


-0, 


.83399 


50, 


.3 


159.7 


154.9 


63.6 


202444 


53270, 


.26350 


-754, 


.7529 


22, 


.3568 


14, 


.6 


556, 


.6 


172, 


.09 


551, 


.3 


77, 


.9 


-0, 


.98183 


65, 


.6 


737.0 


730.0 


120.5 


202444 


53272, 


.24593 


-753, 


.7950 


21 


.7361 


27, 


.4 


1011, 


.7 


169, 


.23 


993, 


.9 


190, 


,9 


-0, 


.98926 


109, 


.8 


1322.6 


1299.5 


269.7 


202444 


53285, 


.14592 


-753, 


.7582 


19, 


.1240 


8, 


.4 


96, 


.3 


25, 


.96 


86, 


.6 


42, 


.8 


0, 


,97592 


47, 


,4 


187.8 


170.1 


92.6 


202444 


53291, 


.15886 


-753, 


.7914 


16, 


.7714 


10, 


.6 


82 


.2 


159, 


.82 


77, 


.3 


30, 


.1 


-0, 


.92649 


53, 


.4 


176.1 


166.3 


78.7 


202414 


53312 


.11074 


-753, 


.8118 


11 


.3891 


6, 


.3 


137, 


.8 


164, 


.09 


132, 


.6 


38, 


.3 


-0, 


.98535 


42, 


.4 


227.4 


219.0 


74.5 


202444 


53551 


.46586 


-750, 


.7528 


-50 


.6872 


11, 


.0 


70, 


.7 


165, 


.49 


68 


.5 


20, 


.7 


-0, 


.83534 


54, 


.5 


167.5 


162.7 


67.4 


202444 


53571, 


.40917 


-750, 


.2907 


-56 


.0105 


8, 


.8 


70, 


.1 


171 


.09 


69 


.3 


13, 


.9 


-0, 


.76967 


48, 


.4 


167.0 


165.2 


54.4 


202444 


53583, 


.41831 


-749, 


.7614 


-58, 


.9536 


13, 


.6 


134, 


.6 


175, 


.82 


134, 


.3 


16, 


.7 


-0, 


.58190 


62, 


.4 


224.1 


223.5 


64.4 


202444 


53600, 


.31206 


-749, 


.6416 


-63, 


.3621 


15, 


.3 


97, 


.0 


162, 


.16 


92 


.4 


33, 


.1 


-0, 


.87508 


67, 


.9 


188.4 


180.6 


86.6 


202444 


53606, 


.34868 


-749, 


.3081 


-64, 


.9009 


8, 


.0 


59, 


.9 


171, 


.55 


59 


.3 


11, 


.8 


-0, 


.73237 


46, 


.4 


160.2 


158.6 


51.5 


202444 


53607, 


.32867 


-749, 


.1312 


-65, 


.1141 


12, 


.6 


123, 


.2 


167, 


.84 


120, 


.5 


28, 


.7 


-0, 


.89315 


59, 


.3 


212.7 


208.3 


73.3 


202444 


53613, 


.34066 


-748, 


.7877 


-66 


.6577 


9, 


.3 


80, 


.6 


175, 


.46 


80 


.4 


11, 


.3 


-0, 


.55833 


49, 


.7 


174.9 


174.4 


51.5 


202444 


53614, 


.32504 


-749, 


.2825 


-67 


.1063 


10, 


.7 


82, 


.5 


171, 


.36 


81 


.6 


16, 


.3 


-0, 


.74708 


53, 


.6 


176.4 


174.5 


59.3 


202444 


53621, 


.20519 


-748, 


.6727 


-68 


.8551 


21, 


.0 


156, 


.3 


18, 


.03 


148, 


.8 


52, 


.3 


0, 


,90666 


87, 


1 


246.8 


236.2 


112.7 


202444 


53639, 


.26290 


-748, 


.5259 


-73, 


.6027 


11, 


.7 


108, 


.9 


172, 


.25 


107, 


.9 


18, 


.7 


-0, 


.77459 


56, 


.6 


199.1 


197.4 


62.2 


202444 


53649, 


.23303 


-748, 


.0584 


-76, 


.2148 


13, 


.2 


123, 


.3 


172, 


.68 


122, 


.3 


20, 


.4 


-0, 


.76012 


61, 


.2 


212.8 


211.2 


66.4 


202444 


53656, 


.17565 


-748, 


.0981 


-77, 


.9192 


22, 


.5 


144, 


.2 


164, 


.51 


139, 


.1 


44, 


.2 


-0, 


.84924 


92, 


.4 


234.0 


226.8 


108.8 


202444 


53670, 


.19052 


-749, 


.2667 


-81 


.3797 


14, 


.3 


655, 


.5 


177, 


.12 


654, 


.7 


35, 


.9 


-0, 


.91688 


64, 


.6 


863.6 


862.5 


77.8 


202444 


53676, 


.17822 


-747, 


.4412 


-83, 


.1706 


14, 


.4 


177, 


.5 


179, 


.35 


177, 


.5 


14, 


.6 


-0, 


.13800 


65, 


.0 


269.9 


269.9 


65.0 


202444 


53965, 


.36823 


-738, 


.0858 


-157, 


.9427 


12, 


.0 


155, 


.3 


171 


.90 


153, 


.8 


24, 


.9 


-0, 


.87269 


37, 


.0 


245.7 


243.3 


50.4 


202444 


53992, 


.32268 


-736, 


.9830 


-164, 


.7958 


22, 


.8 


243, 


.0 


178, 


.61 


242, 


.9 


23, 


.5 


-0, 


.24912 


41, 


.8 


345.5 


345.4 


42.6 


202444 


54003, 


.28908 


-736, 


.6610 


-167 


.7696 


11, 


.3 


124, 


.8 


176, 


.37 


124, 


.5 


13, 


.8 


-0, 


.56853 


36, 


.8 


214.3 


213.9 


39.1 


202444 


54005, 


.28445 


-736, 


.4926 


-168, 


.3373 


22, 


.4 


200, 


.9 


175, 


.26 


200, 


.2 


27, 


.8 


-0, 


.58950 


41, 


.6 


296.3 


295.3 


48.1 


202444 


54007, 


.24802 


-737, 


.9458 


-168, 


.5377 


25, 


.6 


713, 


.1 


172, 


.02 


706, 


.2 


102. 


.2 


-0, 


.96750 


43, 


.4 


937.5 


928.5 


137.1 


202444 


54292, 


.47998 


-721, 


.5522 


-241 


.3831 


17, 


.8 


247, 


.0 


174, 


.08 


245, 


.7 


31, 


.0 


-0, 


.81763 


39, 


.3 


350.3 


348.4 


53.2 


202444 


54294, 


.48070 


-721, 


.1221 


-241 


.8132 


19, 


.2 


196, 


.6 


174, 


.28 


195, 


.7 


27, 


.3 


-0, 


.70958 


39, 


.9 


291.4 


290.0 


49.2 


202444 


54308, 


.47445 


-720, 


.7922 


-245, 


.4270 


19, 


.4 


508, 


.3 


3, 


.32 


507, 


.4 


35, 


.3 


0, 


,83420 


40, 


,0 


675.5 


674.3 


55.9 


202444 


54320, 


.44499 


-719, 


.6565 


-248, 


.4346 


8, 


.9 


207, 


.2 


4, 


.73 


206, 


.5 


19, 


.2 


0, 


,88543 


48, 


,7 


303.6 


302.6 


54.6 


202444 


54336, 


.38361 


-718, 


.4807 


-252, 


.4435 


9, 


.5 


206, 


.3 


0, 


.39 


206, 


.3 


9, 


.6 


0, 


14705 


50, 


,3 


302.5 


302.5 


50.3 


202444 


54343, 


.39071 


-720, 


.3947 


-254, 


.5731 


20, 


.6 


1194, 


.3 


6, 


.81 


1185, 


.9 


143, 


1 


0, 


,98948 


85, 


,7 


1558.9 


1547.9 


203.5 


202444 


54348, 


.35784 


-717, 


.7994 


-255, 


.5873 


12, 


.7 


133, 


.4 


1 


.40 


133, 


.4 


13, 


.1 


0, 


,24680 


59, 


,6 


222.9 


222.8 


59.8 


202444 


54356, 


.34408 


-716, 


.9435 


-257, 


.4669 


10, 


.8 


229, 


.5 


3, 


.71 


229, 


.0 


18, 


.3 


0, 


,80799 


53, 


,9 


329.6 


328.9 


57.9 


202444 


54370, 


.30092 


-716, 


.1909 


-260, 


.9870 


9, 


.3 


172, 


.8 


2, 


.93 


172, 


.6 


12, 


.8 


0, 


,68784 


49, 


7 


264.7 


264.4 


51.5 


202444 


54389, 


.24995 


-715, 


.2299 


-265, 


.7632 


13, 


.3 


243, 


.4 


2, 


.83 


243, 


.1 


17, 


.9 


0, 


.66939 


61, 


.5 


346.0 


345.6 


63.7 


202444 


54685, 


.40356 


-693, 


.9389 


-338, 


.7618 


12, 


.2 


270, 


.4 


174, 


.93 


269, 


.4 


26, 


.8 


-0, 


.88884 


37, 


.1 


378.4 


376.9 


49.8 


202444 


54748, 


.27591 


-690, 


.0880 


-354, 


.5028 


24, 


.5 


731, 


.1 


6, 


.05 


727, 


.1 


80, 


.8 


0. 


.95232 


42. 


.7 


960.7 


955.3 


109.8 


206901 


52591, 


.15779 


139. 


.4206 


-68, 


.9506 


22, 


.4 


338, 


.6 


174, 


.63 


337, 


.1 


38, 


.7 


-0, 


.81429 


92, 


.0 


461.9 


460.0 


101.3 


206901 


52809, 


.42396 


176, 


.3281 


-52, 


.8096 


8, 


.6 


357, 


.0 


148, 


.20 


303, 


.5 


188, 


.3 


-0, 


.99855 


47, 


.9 


484.8 


412.8 


258.7 


206901 


52834, 


.42978 


178, 


,7631 


-49, 


.4983 


8, 


.3 


38, 


.1 


158, 


.25 


35 


.5 


16, 


.1 


-0, 


.83208 


47, 


.1 


148.5 


139.0 


70.3 


206901 


52836, 


.48099 


178, 


,2378 


-48, 


.6333 


13, 


.4 


379, 


.5 


173, 


.84 


377, 


.4 


42, 


.8 


-0, 


.94915 


61, 


.8 


512.8 


509.9 


82.5 


206901 


52862, 


.26859 


179, 


1249 


-46, 


.6475 


5, 


.2 


49, 


.4 


144, 


.90 


40 


.5 


28, 


.7 


-0, 


.97540 


40, 


.2 


154.0 


128.1 


94.5 


206901 


52864, 


.44008 


180, 


,0358 


-45, 


.8584 


4, 


.9 


95, 


.7 


1 


.42 


95 


.7 


5, 


.4 


0, 


,43467 


39, 


.6 


187.3 


187.2 


39.9 


206901 


52865, 


.26284 


180, 


,3062 


-45, 


.0074 


7, 


.5 


116, 


.2 


146, 


.66 


97 


.2 


64, 


.2 


-0, 


.99022 


45, 


.1 


206.0 


173.8 


119.3 


206901 


52868, 


.43221 


179, 


,3846 


-45, 


.8721 


3, 


.5 


89, 


.2 


2, 


.24 


89 


.1 


5, 


.0 


0, 


70400 


37, 


,4 


181.8 


181.7 


38.1 


206901 


52891, 


.31479 


180, 


2397 


-42, 


.5409 


5, 


.0 


18, 


.6 


172, 


.30 


18 


.5 


5, 


.6 


-0, 


.41389 


39, 


.8 


142.1 


140.9 


43.8 


206901 


52893, 


.35685 


180, 


,8687 


-42 


.7415 


9, 


.0 


313, 


.4 


0, 


.77 


313, 


.4 


9, 


.9 


0, 


,42163 


48, 


,9 


430.8 


430.8 


49.3 


206901 


52894, 


.34291 


181, 


.2303 


-42, 


.0470 


4, 


.3 


37, 


.8 


0, 


.66 


37, 


.8 


4, 


.3 


0, 


.10017 


38, 


.6 


148.4 


148.4 


38.7 


206901 


52895, 


.31557 


181. 


.5077 


-41, 


.4499 


5, 


.8 


21, 


.5 


173, 


.23 


21, 


.4 


6, 


.3 


-0, 


.37133 


41, 


.4 


142.8 


141.9 


44.4 


206901 


52896, 


.29588 


180. 


.7689 


-41, 


.3583 


3, 


.3 


11, 


.5 


172, 


.05 


11 


.4 


3, 


.7 


-0, 


.39838 


37, 


.2 


140.8 


139.5 


41.7 


206901 


52897, 


.29256 


180. 


.3940 


-41, 


.7392 


2, 


.9 


9, 


.7 


171, 


.46 


9 


.6 


3, 


.2 


-0, 


.41204 


36. 


.7 


140.6 


139.1 


41.9 
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206901 


52916, 


.29801 


179. 


.8881 


-39, 


.7949 


8, 


.1 


329, 


.1 


1, 


.79 


329, 


.0 


13, 


.1 


0, 


.78564 


46. 


.6 


450.2 


449.9 


48.7 


206901 


52918, 


.12279 


181. 


.2809 


-38 


.7867 


9, 


.6 


569, 


.7 


147, 


.06 


478, 


.1 


309, 


.9 


-0, 


.99931 


50. 


.6 


753.7 


633.2 


412.0 


206901 


52919, 


.29319 


181. 


,3655 


-38, 


.3084 


3, 


.6 


91, 


.3 


2, 


.52 


91 


.2 


5, 


.4 


0, 


.74137 


37. 


,6 


183.5 


183.4 


38.4 


206901 


52920, 


.12509 


180. 


,8836 


-38, 


.2825 


11, 


.0 


768, 


.0 


148, 


.32 


653, 


.6 


403, 


,4 


-0, 


.99949 


54, 


.5 


1008.2 


858.4 


531.5 


206901 


52929, 


.27392 


181. 


,2991 


-37, 


.9988 


9, 


.8 


198, 


.4 


4, 


.54 


197, 


.8 


18, 


.5 


0, 


.84767 


51, 


.1 


293.5 


292.6 


56.0 


206901 


52930, 


.26391 


181. 


,2731 


-37, 


.3092 


11, 


.9 


287, 


.8 


2, 


.96 


287, 


.4 


19, 


.0 


0, 


,77841 


57, 


,2 


399.5 


399.0 


60.7 


206901 


52950, 


.22395 


179. 


,7824 


-34, 


.3871 


14, 


.2 


845, 


.7 


7, 


.01 


839, 


.3 


104, 


,2 


0, 


,99047 


64, 


,3 


1108.3 


1100.0 


149.6 


206901 


52952, 


.20412 


180. 


,7615 


-35, 


.0045 


14, 


.1 


511, 


.9 


3, 


.52 


510, 


.9 


34, 


.5 


0, 


,91183 


64, 


,0 


680.0 


678.8 


76.3 


206901 


52983, 


.12407 


179. 


.3424 


-30 


.6826 


11, 


.5 


355, 


.3 


5, 


.09 


353, 


.9 


33, 


.5 


0, 


.93894 


56, 


.0 


482.6 


480.8 


70.3 


206901 


53130, 


.50531 


168. 


.6205 


-9, 


.8425 


13, 


.0 


575, 


.3 


143, 


.15 


460, 


.4 


345. 


.1 


-0, 


.99890 


60, 


.5 


760.9 


609.9 


458.9 
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Table 5 

PHASES Astrometry Measurements 



206901 
206901 

206901 
206901 
206901 
206901 
206901 
206901 
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206901 
206901 
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206901 
206901 
206901 
206901 
206901 
206901 
206901 
206901 
206901 
206901 
206901 
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207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
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207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 
207652 



53145, 
53152, 

53168, 
53172, 
53173, 
53181, 
53182, 
53186, 
53187, 
53197, 
53198, 
53199, 
53200, 
53207, 
53208, 
53215, 
53221, 
53228, 
53229, 
53233, 
53234, 
53235, 
53236, 
53249, 
53270, 
53285, 
53313, 
53494, 
53586, 
53637, 
53921, 
53963, 
53978, 
53995, 
54003, 
54008, 
54075, 
54265, 
54300, 
54350, 
54357, 
54383, 
54679, 
54696, 
54741, 
54748, 
54762, 
53197, 
53208, 
53221, 
53222, 
53235, 
53242, 
53249, 
53263, 
53271, 
53272, 
53284, 
53285, 
53312, 
53313, 
53340, 
53544, 
53552, 
53578, 
53586, 
53606, 
53607, 
53613, 
53614, 
53620, 
53639, 
53909, 
53915, 
53916, 
53958, 
53964, 



46573 
47126 

42498 
46956 
44613 
41429 
41243 
42249 
40438 
36675 
39543 
40686 
41612 
41539 
36952 
32976 
39324 
30457 
29698 
24583 
27318 
28320 
24527 
22827 
23356 
23902 
11002 
50860 
36546 
29660 
45247 
35933 
32784 
24459 
32693 
31169 
12742 
40042 
44689 
31082 
29056 
21418 
41161 
35516 
24018 
22201 
18297 
45645 
37830 
37388 
43753 
38748 
29037 
33920 
30482 
28256 
27909 
17716 
17291 
18733 
18134 
10789 
49033 
42931 
44813 
41630 
31027 
34935 
28991 
27712 
24356 
31674 
47841 
41682 
50872 
34819 
28411 



168.9519 
166.1403 

164.7522 
162.4897 
162.7452 
162.9372 
162.5235 
161.7314 
162.1818 
159.6345 
160.0522 
160.6159 
159.4855 
157.6357 
157.5620 
156.9976 
156.3876 
155.6000 
156.0966 
154.8587 
154.9429 
155.2.381 
1.54.6529 
151.8697 
148.9027 
145.3551 
142.2376 
104.6070 
83.9661 
71.2325 
24.8756 
-9.1868 
-14.0826 
-17.0642 
-22.4853 
-21.6045 
-38.5877 
-84.8151 
-92.7572 
-104.3619 
-106.1244 
-111.9102 
-172.8035 
-176.7584 
-184.2790 
-186.2535 
-187.3707 
-133.8768 
-132.0981 
-130.3666 
-130.3333 
-128.1930 
-127.3840 
-125.9704 
-124.0721 
-123.2069 
-122.4090 
-121.1109 
-120.8239 
-116.7492 
-116.8817 
-113.0726 
-81.9289 
-80.9221 
-77.2454 
-75.7361 
-72.4123 
-72.3787 
-71.5268 
-71.1540 
-70.6217 
-69.8895 
-25.1811 
-24.1394 
-23.9195 
-17.3136 
-16.7308 



-7.4875 
-4.9520 

-3.8657 
-2.9051 
-3.3452 
-0.9773 
-0.6682 
-0.6717 
-0.1174 
0.5089 
1.0916 
1.6193 
1.7590 
2.4066 
2.1611 
3.2389 
3.9671 
5.6295 
6.1881 
5.5452 
6.3996 
7.0259 
7.2612 
8.8392 
11.8985 
13.9452 
18.5970 
43.3686 
55.9065 
62.9288 
86.0577 
98.3657 
99.4668 
101.1075 
101.1584 
102.0985 
107.2121 
119.9655 
122.5645 
124.6444 
125.6022 
126.9752 
133.2679 
132.9610 
134.0046 
133.4596 
132.5954 
81.2102 
82.5773 
84.1157 
84.2283 
85.8001 
86.6003 
87.4362 
89.1354 
90.1595 
90.1623 
91.7648 
91.9257 
95.0140 
95.1509 
98.4038 
122.1372 
123.1689 
126.1175 
126.9855 
129.1602 
129.3258 
129.9927 
130.0019 
130.8757 
132.7556 
161.4653 
162.0001 
162.1643 
166.2722 
167.0270 



29.9 
7.3 

14.3 
2.8 
4.3 
4.4 
5.5 
6.8 
5.2 
3.0 
2.4 
9.4 
7.0 
7.4 
5.7 
3.0 
3.2 
2.7 
3.1 
9.5 
3.1 
3.1 
6.2 
2.9 
7.5 
5.0 
4.1 
13.6 
2.2 
6.3 
43.2 
6.2 
2.7 
11.5 
10.9 
4.6 
7.0 
8.2 
6.4 
4.1 
6.5 
4.6 
11.4 
11.1 
8.5 
8.3 
15.6 
8.5 
14.0 
8.0 
6.8 
12.1 
22.3 
8.2 
4.1 
8.0 
20.7 
16.9 
10.7 
4.4 
11.5 
8.9 
9.1 
12.2 
22.5 
6.5 
5.8 
9.9 
15.6 
10.2 
16.1 
20.8 
7.9 
15.8 
13.5 
13.5 
33.7 



2133.0 
136.4 

637.2 
27.6 
108.4 
55.9 
73.1 
88.9 
75.5 
29.9 
21.2 
177.6 
439.9 
101.4 
248.5 
32.1 
46.3 
17.1 
22.7 
804.5 
20.8 
23.5 
42.6 
42.4 
254.2 
79.9 
96.9 
645.9 
11.5 
53.5 
10260.1 
79.3 
17.6 
514.3 
849.6 
114.0 
183.8 
390.0 
195.8 
121.5 
163.6 
113.3 
57.9 
244.3 
307.9 
333.1 
576.8 
381.2 
78.5 
123.3 
213.4 
241.3 
130.9 
198.0 
87.0 
177.9 
479.4 
142.3 
117.8 
73.2 
220.6 
312.1 
170.7 
72.5 
466.7 
73.2 
39.9 
46.8 
89.2 
87.0 
189.3 
549.8 
82.8 
146.1 
556.9 
110.6 
541.3 



143.09 
146.80 

145.84 
155.52 
21.10 
150.65 
150.81 
153.55 
154.17 
149.29 
156.02 
157.43 
29.74 
33.07 
24.63 
151.09 
35.67 
155.62 
152.91 
145.13 
152.93 
154.23 
150.03 
148.88 
160.31 
37.54 
159.77 
143.23 
166.51 
173.82 
160.72 
165.54 
162.84 
159.38 
3.09 
2.48 
3.06 
142.94 
167.80 
167.58 
167.26 
166.17 
168.80 
165.65 
167.71 
168.07 
168.19 
164.04 
25.57 
32.79 
175.50 
171.68 
24.69 
169.28 
170.16 
170.13 
170.13 
26.99 
27.12 
174.05 
174.15 
174.65 
161.30 
152.49 
171.70 
167.25 
155.80 
164.01 
156.91 
154.18 
153.20 
0.26 
158.93 
150.18 
169.15 
159.82 
150.87 



1705.5 
114.2 
527.3 
25.2 
101.1 
48.7 
63.9 
79.6 
68.0 
25.7 
19.4 
164.0 
382.0 
85.1 
225.9 
28.1 
37.7 
15.6 
20.3 
660.0 
18.6 
21.2 
37.1 
36.4 
239.3 
63.4 
91.0 
517.4 
11.2 
53.2 
9684.6 
76.8 
16.8 
481.4 
848.3 
113.9 
183.5 
311.2 
191.4 
118.7 
159.5 
110.0 
56.8 
236.7 
300.8 
325.9 
564.6 
366.5 
71.0 
103.8 
212.7 
238.7 
119.3 
194.5 
85.8 
175.3 
472.3 
127.0 
104.9 
72.8 
219.4 
310.7 
161.7 
64.6 
461.8 
71.4 
36.4 
45.1 
82.3 
78.4 
169.2 
549.7 
77.3 
127.0 
547.0 
103.9 
473.1 



1281.3 
74.9 

358.0 
11.7 
39.2 
27.6 
36.0 
40.1 
33.2 
15.5 
8.9 
68.7 

218.3 
55.7 

103.7 
15.7 
27.1 
7.5 
10.7 

460.0 
9.9 
10.6 
22.0 
22.1 
86.0 
48.8 
33.7 

386.8 
3.4 
8.5 
3388.1 
20.7 
5.8 

181.5 
47.1 
6.7 
12.0 

235.1 
41.9 
26.5 
36.6 
27.4 
15.9 
61.5 
66.1 
69.3 

119.1 

105.1 
36.2 
67.1 
18.1 
36.9 
58.3 
37.7 
15.4 
31.5 
84.7 
66.3 
54.5 
8.8 
25.2 
30.4 
55.4 
35.2 
71.0 
17.4 
17.2 
16.0 
37.8 
39.0 
86.6 
20.9 
30.7 
73.9 

105.6 
40.2 

265.2 



-0.99958 
-0.99313 

-0.99884 
-0.96478 
0.99311 
-0.98325 
-0.98450 
-0.98173 
-0.98451 
-0.97505 
-0.95641 
-0.98902 
0.99931 
0.98740 
0.99817 
-0.97571 
0.98965 
-0.91724 
-0.94425 
-0.99969 
-0.93637 
-0.94743 
-0.94661 
-0.98827 
-0.99575 
0.99161 
-0.99156 
-0.99904 
-0.75101 
-0.66479 
-0.99991 
-0.95158 
-0.87053 
-0.99770 
0.97274 
0.73343 
0.81544 
-0.99904 
-0.98783 
-0.98705 
-0.98337 
-0.98521 
-0.68026 
-0.98236 
-0.99128 
-0.99255 
-0.99100 
-0.99644 
0.90366 
0.99003 
-0.92544 
-0.94315 
0.90756 
-0.97529 
-0.96361 
-0.96623 
-0.96884 
0.95840 
0.97529 
-0.86435 
-0.88879 
-0.95618 
-0.98479 
-0.92074 
-0.94719 
-0.92283 
-0.92833 
-0.76585 
-0.89401 
-0.95665 
-0.97802 
0.12128 
-0.96081 
-0.96911 
-0.99151 
-0.93369 
-0.98936 



118.9 
44.7 

64.6 
36.6 
38.6 
38.8 
40.8 
43.5 
40.2 
36.8 
36.2 
50.0 
44.0 
44.9 
41.2 
36.8 
37.1 
36.5 
36.9 
50.3 
36.9 
36.9 
42.2 
36.7 
45.1 
39.8 
38.3 
62.4 
36.0 
42.4 
167.8 
35.5 
35.1 
36.8 
36.7 
35.3 
35.7 
35.9 
35.6 
38.3 
42.8 
39.1 
36.8 
36.7 
36.0 
36.0 
38.3 
47.6 
63.7 
46.4 
43.5 
57.8 
91.7 
46.9 
38.3 
46.4 
86.1 
73.1 
53.6 
38.8 
56.0 
48.7 
49.2 
58.1 
92.4 
42.8 
41.4 
51.4 
68.8 
52.2 
70.5 
86.4 
46.1 
69.5 
62.1 
37.5 
48.6 



2776.4 
225.9 

840.1 
144.5 
198.6 
157.7 
169.2 
181.5 
171.0 
145.3 
142.7 
270.0 
588.8 
192.3 
352.1 
146.1 
152.4 
141.8 
143.1 

1055.2 
142.6 
143.3 
150.6 
150.5 
358.9 
174.3 
188.3 
851.3 
140.8 
156.3 
13338.9 
173.9 
141.9 
683.1 

1113.3 
203.9 
276.9 
526.0 
290.5 
211.1 
254.6 
203.2 
159.0 
347.1 
424.0 
455.1 
762.8 
515.0 
173.2 
212.8 
310.7 
343.5 
220.4 
293.0 
180.0 
270.3 
638.8 
232.0 
207.5 
169.3 
319.1 
429.2 
262.4 
168.8 
622.7 
169.3 
149.3 
152.6 
181.8 
180.0 
283.1 
728.3 
176.6 
236.0 
737.4 
200.7 
717.5 



2221.1 
190.6 

696.1 
132.4 
185.8 
138.8 
149.1 
163.7 
154.9 
126.3 
131.2 
250.1 
511.7 
163.0 
320.5 
129.1 
125.7 
130.0 
128.5 
866.2 
128.1 
130.0 
132.1 
130.2 
338.2 
140.3 
177.2 
682.9 
137.2 
155.5 
12590.9 
168.6 
135.9 
639.5 
1111.7 
203.7 
276.5 
420.3 
284.0 
206.3 
248.5 
197.5 
156.1 
336.4 
414.4 
445.3 
746.7 
495.3 
158.7 
180.7 
309.8 
340.0 
203.8 
288.0 
177.4 
266.5 
629.5 
209.4 
186.3 
168.4 
317.5 
427.4 
249.0 
152.1 
616.3 
165.4 
137.2 
147.4 
169.4 
163.6 
254.7 
728.3 
165.6 
207.6 
724.3 
188.8 
627.2 



1670.1 
129.2 
474.7 
68.5 
80.1 
84.4 
89.9 
89.8 
82.8 
80.7 
66.7 
113.5 
294.5 
111.5 
151.4 
77.6 
93.8 
67.3 
73.0 
604.7 
72.7 
70.6 
83.6 
83.9 
128.2 
110.8 
74.4 
512.0 
48.0 
45.4 
4407.1 
55.4 
53.6 
243.0 
70.3 
36.4 
38.6 
318.3 
70.6 
58.8 
70.0 
61.7 
47.5 
93.1 
96.9 
100.4 
160.6 
148.8 
94.3 
121.7 
49.8 
75.8 
124.1 
71.3 
48.7 
65.1 
138.5 
123.8 
106.0 
42.4 
64.5 
62.8 
96.2 
93.4 
128.2 
56.0 
71.9 
64.9 
95.4 
91.4 
142.3 
86.5 
76.7 
131.9 
151.6 
77.7 
351.8 
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Table 5 

PHASES Astrometry Measurements 



207652 


53965, 


,26136 


-16, 


,5547 


167, 


,1254 


5, 


,6 


74, 


,4 


147, 


,81 


63, 


.0 


39, 


,9 


-0, 


.98621 


35, 


,4 


170.2 


145.2 


95.5 


207652 


53970, 


,28910 


-15, 


,7220 


167, 


,5639 


6, 


,7 


60, 


,0 


155, 


,38 


54 


.6 


25, 


,7 


-0, 


.95825 


35, 


,6 


160.3 


146.4 


74.2 


207652 


53971, 


,27626 


-15, 


,6794 


167, 


,7189 


12, 


,1 


101, 


,1 


153, 


,62 


90, 


,7 


46, 


,2 


-0, 


,95635 


37, 


,0 


192.0 


172.8 


91.5 


207652 


53977, 


,27336 


-14, 


,5286 


168, 


,2311 


8, 


,7 


427, 


,1 


154, 


,19 


384, 


,5 


186, 


1 


-0, 


,99866 


36, 


,1 


572.6 


515.7 


251.4 


207652 


53979, 


,26824 


-13, 


,8536 


168, 


,2328 


22, 


,9 


269, 


,6 


153, 


,21 


240, 


,9 


123, 


2 


-0, 


,97814 


41, 


,8 


377.4 


337.4 


174.2 


207652 


54004, 


,25001 


-9, 


,9478 


170, 


,7274 


16, 


,5 


97, 


,8 


162, 


,39 


93, 


.4 


33, 


,5 


-0, 


,85688 


38, 


,7 


189.1 


180.6 


68.1 


207652 


54006, 


,21622 


-9, 


,3107 


170, 


,7578 


8, 


,7 


242, 


,5 


158, 


,12 


225, 


,1 


90, 


,7 


-0, 


,99459 


36, 


,1 


344.9 


320.4 


132.8 


207652 


54055, 


,10631 


-2, 


,4938 


175, 


,7309 


34, 


,6 


656, 


,3 


164, 


,26 


631, 


,7 


181, 


1 


-0, 


,98007 


49, 


,2 


864.6 


832.3 


239.3 


207652 


54250, 


,48384 


28, 


,5977 


193, 


,1474 


19, 


,0 


563, 


,7 


148, 


,52 


480, 


,8 


294, 


,8 


-0, 


,99715 


39, 


,8 


746.1 


636.6 


391.1 


207652 


54273, 


,48711 


32, 


,2170 


195, 


,0610 


14, 


,2 


239, 


,3 


159, 


,58 


224, 


,4 


84, 


,6 


-0, 


,98380 


37, 


,8 


341.1 


320.0 


124.2 


207652 


54285, 


,42022 


33, 


,8562 


196, 


,2516 


25, 


,5 


191, 


,3 


153, 


,97 


172, 


,3 


87, 


,0 


-0, 


.94539 


43, 


,3 


285.4 


257.1 


131.1 


207652 


54320, 


,37597 


39, 


,5862 


198, 


,8974 


11, 


,8 


282, 


,0 


162, 


,62 


269, 


,2 


85, 


,0 


-0, 


.98930 


56, 


,9 


392.4 


374.9 


129.2 


207652 


54321, 


,35550 


40, 


,0575 


198, 


,8870 


8, 


,9 


93, 


,2 


159, 


,03 


87 


.1 


34, 


,4 


-0, 


.96069 


48, 


,7 


185.1 


173.8 


80.3 


207652 


54336, 


,36273 


42, 


,3585 


200, 


,1153 


12, 


,0 


133, 


,4 


167, 


,80 


130, 


,5 


30, 


,5 


-0, 


.91564 


57, 


,5 


222.9 


218.2 


73.3 


207652 


54341, 


,27437 


42, 


,9497 


200, 


,5359 


17, 


,4 


133, 


,0 


154, 


,87 


120, 


,7 


58, 


,7 


-0, 


.94493 


74, 


,8 


222.5 


203.9 


116.2 


207652 


54349, 


,26104 


44, 


,1403 


201, 


,2312 


16, 


,3 


193, 


,1 


156, 


,63 


177, 


,4 


78, 


,0 


-0, 


,97378 


71, 


,1 


287.4 


265.4 


131.4 


207652 


54356, 


,27856 


45, 


,6029 


201, 


,6078 


12, 


,8 


113, 


,6 


162, 


,34 


108, 


,3 


36, 


,5 


-0, 


,93059 


59, 


,9 


203.5 


194.8 


84.1 


207652 


54370, 


,24774 


47, 


,9721 


202, 


,6525 


32, 


,0 


824, 


,9 


164, 


,25 


793, 


,9 


226, 


,0 


-0, 


,98912 


126, 


,5 


1081.5 


1041.4 


317.8 


207652 


54763, 


,15991 


107, 


5791 


228, 


,2302 


27, 


,8 


212, 


,8 


161 


,68 


202, 


,2 


71, 


,9 


-0, 


,91341 


44, 


,7 


310.0 


294.7 


106.3 


207652 


54769, 


,15275 


108, 


1681 


228, 


,6971 


11, 


,0 


101, 


,6 


163, 


,39 


97 


.4 


30, 


,9 


-0, 


,92795 


36, 


,7 


192.5 


184.7 


65.3 


214850 


52929, 


,30989 


-85, 


,7984 


40, 


,6140 


14, 


,1 


313, 


,2 


4, 


,20 


312, 


,3 


26, 


,9 


0, 


,85015 


64, 


,0 


430.6 


429.4 


71.2 


214850 


53199, 


,43265 


-34, 


,1236 


-60 


,9225 


18, 


,3 


1390, 


,8 


152, 


,99 


1239, 


,2 


631, 


,8 


-0, 


,99947 


77, 


,9 


1813.5 


1616.0 


826.5 


214850 


53214, 


,45293 


-28, 


,1837 


-63 


,4211 


18, 


,2 


87, 


,0 


167, 


,02 


84, 


,8 


26, 


,4 


-0, 


,70618 


77, 


,5 


180.0 


176.2 


85.7 


214850 


53222, 


,34762 


-26, 


,2844 


-68, 


.8409 


5, 


,5 


74, 


,3 


149, 


,26 


63 


.9 


38, 


,3 


-0, 


,98572 


40, 


,8 


170.1 


147.7 


93.7 


214850 


53228, 


,38604 


-21, 


,7678 


-65, 


.8955 


7, 


,4 


36, 


.1 


158, 


.04 


33 


.6 


15, 


,1 


-0, 


.85052 


44, 


,9 


147.7 


138.0 


69.2 


214850 


53234, 


,28734 


-18, 


,8760 


-66, 


.9964 


13, 


,2 


441, 


.4 


145, 


.20 


362, 


,6 


252. 


,2 


-0, 


,99797 


61, 


,2 


590.7 


486.3 


340.8 


214850 


53249, 


,34575 


-11, 


,1521 


-69, 


.3863 


4, 


,9 


28, 


.3 


161, 


.40 


26 


.8 


10, 


,1 


-0, 


.86155 


39, 


,6 


144.8 


137.8 


59.5 


214850 


53251, 


,36251 


-9, 


,1149 


-65 


.3152 


21, 


,0 


417, 


,5 


166, 


.81 


406, 


.5 


97, 


,4 


-0, 


.97516 


87, 


,1 


560.5 


546.1 


153.5 


214850 


53263, 


,28708 


-4, 


,6554 


-70, 


,9525 


3, 


,3 


18, 


,7 


158, 


,58 


17 


.4 


7, 


,5 


-0, 


,88220 


37, 


,2 


142.1 


133.0 


62.4 


214850 


53271, 


,28405 


0, 


,1596 


-67, 


,3104 


5, 


,0 


29, 


,0 


162, 


,41 


27 


.7 


10, 


,0 


-0, 


,85313 


39, 


,8 


145.0 


138.7 


58.0 


214850 


53272, 


,33767 


-1, 


,5094 


-67, 


.2046 


27, 


,1 


1013, 


,9 


175, 


,25 


1010, 


,4 


88, 


,2 


-0, 


,95126 


108, 


,8 


1325.5 


1321.0 


154.3 


214850 


53284, 


,25772 


4, 


,5993 


-67, 


.2050 


8, 


,7 


102, 


,7 


36, 


,94 


82 


.3 


62, 


,1 


0, 


,98459 


48, 


1 


193.5 


157.3 


122.5 


214850 


53291, 


,23760 


9, 


,3687 


-73, 


,4842 


12, 


,5 


103, 


,0 


162, 


,27 


98 


.2 


33, 


,6 


-0, 


,92004 


59, 


,0 


193.7 


185.4 


81.5 


214850 


53313, 


,17667 


19, 


,9534 


-74, 


,7293 


5, 


,7 


43, 


,9 


163, 


,11 


42, 


,1 


13, 


,9 


-0, 


,90357 


41, 


,2 


151.2 


145.2 


59.0 


214850 


53558, 


,47353 


124, 


7631 


-63, 


,1929 


30, 


,2 


204, 


,3 


31 


,24 


175, 


,4 


109, 


1 


0, 


,94663 


120, 


,0 


300.2 


264.1 


186.5 


214850 


53572, 


,47237 


129, 


,4358 


-62, 


,0761 


13, 


,5 


405, 


,5 


37, 


,43 


322, 


,1 


246, 


7 


0, 


,99762 


62, 


,1 


545.4 


434.8 


335.2 


214850 


53699, 


,12563 


171, 


,5710 


-47, 


.4356 


36, 


,3 


1209, 


,6 


36, 


,35 


974, 


,5 


717, 


,5 


0, 


,99802 


142, 


,3 


1578.7 


1274.3 


942.7 


214850 


53915, 


,46401 


230. 


,5831 


-19, 


.3065 


8, 


,3 


90, 


.2 


152, 


.95 


80 


.5 


41, 


,7 


-0, 


.97488 


47, 


,1 


182.6 


164.0 


93.0 


214850 


53921, 


,47505 


231. 


,3387 


-18, 


.2154 


14, 


,1 


142, 


.2 


160, 


.22 


133, 


,9 


49, 


,9 


-0, 


.95419 


64, 


,0 


231.9 


219.3 


98.9 


214850 


53922, 


,45053 


231. 


,9841 


-18, 


.1996 


7, 


,8 


68, 


.8 


154, 


.68 


62 


.3 


30, 


,3 


-0, 


.95840 


45, 


,9 


166.1 


151.4 


82.3 


214850 


53923, 


,45395 


232, 


,2589 


-18 


.0692 


14, 


,1 


127, 


,2 


155, 


,28 


115, 


,7 


54, 


,7 


-0, 


.95888 


37, 


,7 


216.7 


197.4 


96.9 


214850 


53928, 


,45512 


234, 


,2969 


-17, 


.7839 


35, 


,4 


428, 


,4 


157, 


,15 


395, 


,0 


169, 


5 


-0, 


,97397 


49, 


,8 


574.2 


529.5 


227.7 


214850 


53972, 


,29694 


243, 


,6457 


-11 


,5526 


6, 


,4 


89, 


,4 


150, 


,49 


77. 


.8 


44, 


,4 


-0, 


,98604 


35, 


,6 


182.0 


159.3 


94.8 


214850 


53977, 


,29227 


244, 


,6056 


-10, 


,7498 


4, 


,7 


43, 


,1 


151 


,56 


37 


.9 


20, 


,9 


-0, 


,96752 


35, 


,3 


150.8 


133.7 


78.2 


214850 


53986, 


,25515 


246, 


,4636 


-9, 


,4808 


11, 


,1 


218, 


,5 


149, 


,77 


188, 


,9 


110, 


,4 


-0, 


,99322 


36, 


,7 


316.7 


274.2 


162.6 


214850 


53991, 


,23821 


247, 


7312 


-8, 


,9313 


22, 


,0 


243, 


,8 


150, 


,06 


211 


,6 


123, 


,2 


-0, 


,97861 


41, 


,3 


346.5 


301.0 


176.6 


214850 


53992, 


,23683 


248, 


,4780 


-9, 


.1510 


33, 


,0 


529, 


,7 


147, 


,74 


448, 


,3 


284, 


,1 


-0, 


,99056 


48, 


,1 


702.7 


594.8 


377.3 


214850 


53996, 


,23681 


248, 


,6310 


-8, 


,1911 


6, 


,7 


233, 


,9 


150, 


,67 


203, 


,9 


114, 


,7 


-0, 


,99777 


35, 


,6 


334.8 


292.4 


166.9 


214850 


54004, 


,25476 


250, 


,8699 


-7, 


,2371 


11, 


,0 


162, 


,8 


157, 


,93 


150, 


,9 


62, 


,0 


-0, 


,98141 


36, 


,7 


253.8 


235.6 


101.2 


214850 


54006, 


,24651 


251, 


,4713 


-7, 


.0401 


6, 


,4 


212, 


,7 


156, 


,90 


195, 


,6 


83, 


,6 


-0, 


,99650 


35, 


,6 


309.9 


285.4 


125.9 


214850 


54008, 


,22793 


251. 


,2939 


-6, 


.4971 


4, 


,6 


60, 


.2 


154, 


.51 


54, 


.3 


26, 


,2 


-0, 


.98062 


35, 


,3 


160.4 


145.6 


76.0 


214850 


54009, 


,24001 


250. 


,7240 


-6, 


.0639 


9, 


,6 


398, 


.2 


157, 


.25 


367, 


.3 


154. 


,3 


-0, 


,99774 


36. 


,3 


536.3 


494.7 


210.1 


214850 


54272, 


,47261 


301. 


,4287 


29, 


.1132 


17, 


,7 


474, 


.6 


149, 


.76 


410, 


.1 


239. 


,5 


-0, 


,99634 


39, 


,2 


632.7 


546.9 


320.4 


214850 


54278, 


,46198 


302, 


,2981 


30 


.0087 


30, 


,9 


1252, 


,5 


150, 


,91 


1094, 


,6 


609, 


,6 


-0, 


,99831 


46, 


,7 


1634.3 


1428.3 


795.6 


214850 


54280, 


,45627 


302, 


5046 


30 


,3333 


20, 


,3 


870, 


,7 


150, 


,78 


760, 


,0 


425, 


,4 


-0, 


,99850 


40, 


,5 


1140.5 


995.6 


557.9 


214850 


54286, 


,48156 


303, 


,8200 


30 


,9290 


9, 


,3 


90, 


,9 


157, 


,57 


84 


.1 


35, 


,8 


-0, 


,95951 


36, 


,2 


183.2 


169.9 


77.5 


214850 


54287, 


,49296 


304, 


,8060 


30, 


,7331 


23, 


,0 


359, 


,3 


162, 


,08 


342, 


,0 


112, 


,7 


-0, 


,97671 


41, 


,9 


487.6 


464.1 


155.2 


214850 


54299, 


,43856 


306, 


,0079 


32, 


,5123 


27, 


,8 


400, 


,2 


156, 


,73 


367, 


,8 


160, 


,1 


-0, 


,98201 


44, 


,7 


538.8 


495.3 


216.8 


214850 


54301, 


,41509 


306, 


,0451 


32, 


,9879 


20, 


,3 


208, 


,5 


153, 


,13 


186, 


,2 


96, 


,0 


-0, 


,97140 


40, 


,5 


305.1 


272.7 


142.5 


214850 


54308, 


,40973 


307, 


,0107 


34, 


,0340 


13, 


,7 


244, 


,9 


155, 


,35 


222, 


,7 


102, 


,9 


-0, 


,98928 


37, 


,6 


347.8 


316.5 


149.0 


214850 


54315, 


,38540 


308, 


,4879 


34, 


,7380 


15, 


,6 


157, 


,0 


154, 


,61 


142, 


,0 


68, 


,8 


-0, 


,96822 


68, 


,8 


247.5 


225.5 


123.0 


214850 


54320, 


,38497 


309, 


2132 


35, 


.4745 


7, 


,1 


62, 


,3 


156, 


,94 


57 


.4 


25, 


,3 


-0, 


,95222 


44, 


,2 


161.7 


149.8 


75.3 


214850 


54341, 


,35276 


312, 


,6661 


38, 


.1674 


9, 


,4 


86, 


,8 


162, 


,07 


82, 


.6 


28, 


,2 


-0, 


,93639 


50, 


,0 


179.8 


171.8 


73.0 


214850 


54349, 


,34561 


313. 


,8073 


39, 


.2502 


7, 


,7 


42, 


.1 


166, 


.16 


40 


.9 


12, 


,5 


-0, 


.77680 


45, 


,6 


150.3 


146.4 


57.1 


214850 


54357, 


,29628 


315. 


,1705 


40, 


.2712 


10, 


,0 


80, 


.8 


159, 


.10 


75, 


.6 


30, 


,3 


-0, 


.93593 


51, 


,7 


175.0 


164.5 


78.9 


214850 


54376, 


,25470 


318. 


,2691 


42, 


.6486 


11, 


,0 


85, 


.8 


160, 


.95 


81, 


.2 


29, 


,9 


-0, 


.92161 


54, 


,5 


179.0 


170.1 


77.9 
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214850 


54426, 


,10562 


324. 


,5429 


49, 


.5298 


29, 


,4 


1245, 


,5 


159, 


.16 


1164, 


,1 


443. 


,9 


-0, 


,99748 


117, 


,1 


1625.2 


1519.4 


588.4 


214850 


54713, 


,31324 


360, 


,3687 


85, 


.7081 


29, 


,3 


714, 


.0 


156, 


.75 


656, 


,1 


283, 


,2 


-0, 


,99366 


45, 


,6 


938.7 


862.7 


372.9 


214850 


54740, 


,27892 


362, 


,9611 


89, 


.1431 


26, 


,8 


238, 


,9 


167, 


,11 


233, 


,0 


59, 


,3 


-0, 


,88665 


44, 


,1 


340.7 


332.2 


87.3 


214850 


54763, 


,18334 


365, 


,2987 


91, 


,9101 


12, 


,4 


89, 


,2 


158, 


,63 


83 


,2 


34, 


,5 


-0, 


,92288 


37, 


,1 


181.8 


169.8 


74.7 


214850 


54769, 


,18268 


365, 


,8592 


92, 


.7334 


5, 


,4 


40, 


,7 


161, 


,91 


38 


.7 


13, 


,7 


-0, 


,90838 


35, 


,4 


149.7 


142.7 


57.4 


214850 


54794, 


,12643 


368, 


,3490 


95, 


.6714 


32, 


,9 


432, 


,6 


165, 


,55 


418, 


,9 


112, 


,6 


-0, 


,95335 


48, 


,0 


579.5 


561.3 


151.9 


215182 


53199, 


,47142 


-14, 


,3227 


-50, 


.7725 


30, 


,0 


1320, 


,8 


161, 


,31 


1251, 


,2 


424, 


,1 


-0, 


,99721 


119, 


,3 


1722.7 


1632.3 


563.5 


215182 


53235, 


,39101 


-8, 


,6744 


-53, 


.1595 


12, 


,3 


70, 


,1 


176, 


,49 


70 


.0 


13, 


,0 


-0 


,32050 


58, 


,4 


167.0 


166.8 


59.2 


215182 


53250, 


,35168 


-9, 


,5047 


-47, 


.4531 


33, 


,6 


1689, 


,1 


165, 


,00 


1631, 


,7 


438, 


,3 


-0, 


,99684 


132, 


,4 


2200.3 


2125.6 


583.7 


215182 


53341, 


,13206 


-18, 


,3176 


-45, 


.3506 


14, 


,4 


171, 


.1 


165, 


.46 


165, 


,6 


45, 


,2 


-0, 


.94423 


65, 


,0 


262.8 


254.9 


91.1 
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Table 5 

PHASES Astrometry Measurements 



221673 
221673 

221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 
221673 



52862, 
52863, 
52864, 
52865, 
52867, 
52868, 
52891, 
52893, 
52894, 
52895, 
52896, 
52897, 
52915, 
52916, 
52918, 
52919, 
52929, 
52930, 
52951, 
52952, 
52979 
52983, 
53173, 
53181, 
53182, 
53186, 
53187, 
53197, 
53198, 
53200, 
53207, 
53208, 
53214, 
53215, 
53221, 
53228, 
53229, 
53234, 
53235, 
53236, 
53242, 
53243, 
53249, 
53250, 
53251, 
53263, 
53270, 
53271, 
53272, 
53284, 
53294, 
53312, 
53341, 
53557, 
53571, 
53605, 
53606, 
53607, 
53613, 
53614, 
53620, 
53621, 
53632, 
53636, 
53637, 
53638, 
53648, 
53655, 
53656, 
53712, 
53914, 
53929, 
53930, 
53935, 
53936, 
53937, 
53949, 



41340 
47102 

44442 
38748 
46329 
50300 
30989 
38611 
33540 
35912 
38533 
34630 
26425 
28479 
35122 
27980 
30328 
29591 
29151 
18546 
.20973 
09470 
48472 
47785 
47712 
46492 
47920 
49019 
50084 
43538 
47422 
42692 
47246 
44040 
48070 
38579 
42358 
46422 
42219 
43069 
31297 
31094 
42642 
38253 
45045 
35701 
31676 
34096 
35697 
29576 
19718 
24114 
16609 
50429 
46204 
48331 
47795 
46900 
46276 
46039 
41852 
41100 
28961 
27235 
29322 
33555 
31722 
33875 
33367 
13247 
48372 
43482 
43636 
43080 
42395 
43272 
39037 



549.4289 
549.2919 

549.2326 
548.9158 
549.6920 
549.1984 
549.5545 
549.5980 
548.9453 
549.2563 
549.3331 
549.3711 
549.0868 
549.2595 
549.2852 
549.3843 
549.3110 
549.5447 
549.5450 
549.6621 
549.3397 
549.0704 
550.0843 
550.4844 
550.1318 
550.5223 
550.5175 
550.1753 
550.1909 
550.1017 
549.9007 
550.1943 
550.4298 
550.1716 
550.0917 
550.6584 
550.2706 
550.6167 
550.3449 
550.4971 
550.0230 
549.7876 
550.4547 
550.5730 
549.1802 
550.4810 
550.6152 
550.6568 
550.7969 
550.0727 
551.3057 
550.4505 
551.1716 
548.8653 
551.0010 
550.8475 
550.9714 
550.7180 
550.8423 
551.1958 
551.2319 
551.3038 
551.2917 
551.1164 
551.2846 
551.2646 
551.4661 
550.7180 
552.0201 
551.9463 
551.8130 
551.8314 
551.9096 
553.3732 
551.9311 
551.9178 
551.0453 



-59.1585 
-59.1185 

-59.0766 
-58.9585 
-60.0242 
-59.2133 
-59.7791 
-59.6624 
-59.6509 
-59.6784 
-59.6550 
-59.6767 
-59.9704 
-60.0644 
-60.1093 
-60.0741 
-60.3371 
-60.1763 
-60.7551 
-60.9652 
-61.3501 
-61.2782 
-65.6975 
-65.2139 
-65.0467 
-65.2587 
-65.4077 
-65.3980 
-65.4282 
-66.0207 
-66.2948 
-66.0788 
-65.6234 
-65.6325 
-66.5736 
-66.1699 
-65.9502 
-66.1891 
-66.1579 
-66.2728 
-66.6882 
-66.7023 
-66.4007 
-66.5028 
-66.5891 
-66.6103 
-66.7473 
-66.7652 
-66.8644 
-67.6204 
-67.7952 
-67.4818 
-68.1655 
-70.9760 
-72.2548 
-73.1599 
-73.1236 
-73.1690 
-73.2931 
-73.2973 
-73.3194 
-72.9044 
-73.6416 
-73.6035 
-73.6352 
-73.3866 
-73.9306 
-73.9970 
-74.0009 
-74.2856 
-78.5447 
-78.8102 
-78.8448 
-79.7331 
-79.0137 
-78.9330 
-78.6201 



12.9 
8.6 

2.9 

14.1 

28.4 
4.3 

10.7 
5.3 
8.3 
7.6 
3.6 
6.4 
8.0 
4.5 
2.7 
3.6 
5.8 
4.3 
9.4 
9.3 
7.1 

12.5 
5.1 
4.2 
9.8 

11.0 
8.3 
2.0 
2.4 
2.7 
6.4 
5.4 
9.2 
4.2 
5.8 
4.6 
3.9 
3.2 
3.8 
6.4 
4.8 
6.3 
2.2 
4.5 

18.7 
2.4 

13.8 
2.4 
7.6 
7.6 

15.1 
1.7 
3.2 

34.7 
3.8 
2.3 
2.5 
2.5 
3.2 
4.8 
3.2 

29.5 
8.6 
2.6 
5.4 

16.2 

15.7 
5.0 

12.7 

32.7 
3.1 
6.4 
5.5 
5.2 
4.7 
2.4 
9.5 



714.5 
62.9 
11.3 
147.0 
729.9 
99.4 
125.4 
19.6 
29.2 
25.4 
16.6 
23.2 
121.2 
20.7 
17.6 
17.7 
23.7 
21.8 
513.2 
351.4 
253.4 
352.7 
104.1 
92.8 
226.9 
296.4 
171.2 
44.9 
49.6 
11.4 
67.2 
38.9 
290.6 
42.7 
227.5 
224.7 
70.7 
14.9 
13.1 
23.9 
23.4 
45.9 
10.7 
15.3 
812.1 
9.0 
125.6 
9.8 
55.2 
80.6 
899.1 
7.9 
19.4 
2311.5 
22.2 
60.1 
68.3 
128.8 
81.0 
126.8 
27.5 
1209.0 
155.4 
29.0 
24.2 
808.2 
77.9 
121.1 
386.1 
876.9 
59.6 
84.9 
70.9 
79.0 
56.3 
57.7 
275.1 



158.14 
169.96 

166.02 
155.01 
120.82 
1.65 
154.89 
172.98 
160.27 
173.18 
174.46 
167.02 
157.33 
159.65 
178.08 
162.79 
172.35 
174.57 
4.93 
161.84 
4.62 
160.94 

12.56 
148.47 
148.55 
147.39 
150.63 
157.62 
159.84 

24.06 

33.40 

22.72 
162.94 
157.36 

38.06 
152.99 
162.59 
179.37 
161.46 
169.38 

14.35 

13.02 
171.04 
167.50 
0.52 
167.99 
157.48 
171.28 
166.25 

34.68 
151.47 
175.41 
170.58 
157.60 
162.32 
0.80 
0.20 
179.12 
1.08 
0.96 
177.10 

41.57 
154.09 
152.96 
163.61 

36.98 
171.44 
178.77 
179.79 

37.57 
150.39 
147.91 
149.19 
151.00 
149.90 
151.64 
150.30 



663.2 
62.0 
11.0 
133.4 
374.7 
99.3 
113.6 
19.4 
27.7 
25.2 
16.5 
22.7 
111.9 
19.5 
17.6 
16.9 
23.5 
21.7 
511.3 
333.9 
252.6 
333.4 
101.6 
79.1 
193.6 
249.8 
149.2 
41.6 
46.5 
10.5 
56.2 
35.9 
277.8 
39.5 
179.1 
200.2 
67.5 
14.9 
12.4 
23.5 
22.7 
44.8 
10.6 
14.9 
812.1 
8.8 
116.2 
9.7 
53.7 
66.4 
789.9 
7.9 
19.2 
2137.1 
21.1 
60.1 
68.3 
128.8 
81.0 
126.8 
27.4 
904.7 
139.8 
25.8 
23.3 
645.7 
77.0 
121.0 
386.1 
695.2 
51.9 
72.0 
61.0 
69.2 
48.8 
50.8 
239.0 



266.3 
13.8 
3.9 
63.4 
627.0 
5.1 
54.1 
5.8 
12.6 
8.1 
3.9 
8.1 
47.3 
8.3 
2.7 
6.3 
6.6 
4.8 
45.1 
109.9 
21.6 
115.8 
23.2 
48.7 
118.7 
160.0 
84.3 
17.2 
17.2 
5.2 
37.4 
15.8 
85.7 
16.9 
140.3 
102.1 
21.5 
3.2 
5.5 
7.7 
7.5 
12.0 
2.7 
5.5 
20.1 
3.0 
49.8 
2.8 
15.0 
46.3 
429.7 
1.8 
4.5 
881.4 
7.7 
2.4 
2.5 
3.2 
3.6 
5.3 
3.5 
802.5 
68.3 
13.4 
8.6 
486.4 
19.4 
5.7 
12.8 
535.3 
29.6 
45.4 
36.6 
38.6 
28.5 
27.5 
136.5 



-0.99864 
-0.77782 

-0.65394 
-0.96962 
-0.99611 

0.55474 
-0.97577 
-0.38275 
-0.71937 
-0.33554 
-0.38760 
-0.59109 
-0.98303 
-0.82134 
-0.21085 
-0.79874 
-0.45239 
-0.41521 

0.97768 
-0.99598 

0.94347 
-0.99344 

0.97442 
-0.99477 
-0.99527 
-0.99669 
-0.99355 
-0.99174 
-0.98895 

0.83198 

0.97868 

0.92842 
-0.99370 
-0.96245 

0.99863 
-0.99875 
-0.98183 
-0.04800 
-0.68764 
-0.53396 

0.74431 

0.84520 
-0.58625 
-0.55162 

0.36563 
-0.58360 
-0.95375 
-0.49347 
-0.85560 

0.97970 
-0.99919 
-0.32459 
-0.68551 
-0.99909 
-0.85188 

0.34815 

0.09257 
-0.61707 

0.42838 

0.40252 
-0.39330 

0.99879 
-0.99016 
-0.97649 
-0.75819 

0.99913 
-0.57355 
-0.45936 
-0.11179 

0.99703 
-0.99269 
-0.98626 
-0.98477 
-0.98789 
-0.98204 
-0.99495 
-0.99681 



60.2 
47.9 
36.7 
64.0 

113.5 
38.6 
53.6 
40.4 
47.1 
45.4 
37.6 
42.6 
46.4 
39.0 
36.5 
37.6 
41.4 
38.6 
50.0 
49.7 
44.2 
59.0 
40.0 
38.5 
51.1 
54.5 
47.1 
35.8 
36.2 
36.5 
42.6 
40.6 
49.5 
38.5 
41.4 
39.1 
38.0 
37.1 
37.9 
42.6 
39.5 
42.4 
36.0 
39.0 
79.2 
36.2 
63.0 
36.2 
45.4 
45.4 
67.2 
35.6 
37.1 

136.4 
37.9 
36.1 
36.3 
36.3 
37.1 
39.5 
37.1 

117.4 
47.9 
36.4 
40.6 
70.8 
69.2 
39.8 
59.6 

129.1 
36.9 
35.6 
40.8 
35.4 
35.3 
36.2 
36.3 



939.3 
162.1 
140.8 
236.9 
959.1 
190.5 
214.9 
142.3 
145.1 
143.8 
141.7 
143.2 
210.8 
142.6 
141.9 
141.9 
143.4 
142.8 
681.7 
477.8 
357.9 
479.4 
194.7 
184.8 
326.5 
410.0 
262.9 
151.7 
154.1 
140.8 
165.0 
148.9 
402.9 
150.6 
327.2 
323.9 
167.5 
141.3 
141.0 
143.4 
143.3 
152.2 
140.7 
141.4 

1065.0 
140.5 
215.1 
140.6 
157.3 
174.9 

1177.2 
140.4 
142.3 

3008.2 
142.9 
160.3 
165.8 
218.3 
175.2 
216.3 
144.5 

1577.9 
245.8 
145.0 
143.5 

1059.9 
172.8 
210.7 
521.1 

1148.5 
160.0 
178.3 
167.6 
173.6 
158.0 
158.8 
384.1 



872.1 
159.9 
136.9 
216.4 
501.0 
190.4 
195.9 
141.3 
137.5 
142.9 
141.0 
139.9 
195.3 
134.3 
141.8 
136.0 
142.2 
142.2 
679.2 
454.3 
356.8 
453.5 
190.3 
158.8 
279.8 
346.6 
230.3 
140.9 
145.2 
129.4 
139.8 
138.2 
385.4 
139.8 
258.9 
289.1 
160.2 
141.3 
134.3 
141.2 
139.1 
148.6 
139.1 
138.3 

1064.9 
137.6 
200.1 
139.1 
153.2 
146.1 

1034.7 
140.0 
140.5 

2781.7 
136.7 
160.3 
165.8 
218.2 
175.2 
216.2 
144.3 

1183.1 
222.1 
130.2 
138.1 
847.8 
171.2 
210.6 
521.1 
913.7 
140.3 
152.2 
145.5 
152.8 
137.8 
140.8 
334.1 



354.2 
55.0 
49.2 

115.7 

825.7 
39.0 

103.3 
43.7 
66.1 
48.2 
39.8 
52.5 
91.8 
61.6 
36.8 
55.2 
45.2 
40.8 
76.9 

156.2 
52.6 

166.2 
57.6 

102.1 

175.8 

225.7 

135.3 
66.6 
63.0 
66.4 
97.6 
68.6 

127.3 
68.0 

204.3 

151.2 
61.9 
37.1 
57.4 
49.5 
52.2 
53.7 
41.8 
48.8 
79.8 
45.9 

100.9 
41.6 
57.8 

106.3 

565.3 
37.2 
43.3 
1153.3 
56.4 
36.1 
36.3 
36.4 
37.2 
39.6 
37.7 
1050.7 

115.7 
73.4 
56.2 

640.1 
73.1 
40.1 
59.6 

707.7 
85.3 
99.4 
92.7 
89.7 
84.9 
81.9 

192.9 
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Table 5 

PHASES Astrometry Measurements 



221673 


53951, 


,38665 


551 


,7626 


-79, 


.1717 


4, 


.7 


64, 


.3 


150, 


.67 


56, 


.1 


31, 


.7 


-0, 


.98519 


35, 


.3 


163.1 


143.2 


85.6 


221673 


53956, 


.35084 


551 


.7124 


-79, 


.1795 


5, 


.6 


190, 


,3 


146, 


.46 


158, 


.7 


105, 


,3 


-0. 


.99795 


35, 


.4 


284.3 


237.7 


159.8 


221673 


53957, 


,34458 


551 


.6692 


-79, 


.1902 


5, 


.5 


254, 


.3 


145, 


.98 


210, 


.8 


142, 


,3 


-0, 


.99890 


35, 


.4 


359.0 


298.2 


203.0 


221673 


53958, 


.38759 


551, 


.8129 


-79, 


.2895 


3, 


.6 


27, 


.8 


156, 


.17 


25, 


.5 


11, 


.7 


-0, 


.94184 


35, 


.2 


144.6 


133.0 


66.7 


221673 


53964, 


.33245 


552, 


.1755 


-79, 


.5331 


19, 


.2 


820, 


.2 


146, 


.70 


685, 


.6 


450, 


7 


-0, 


.99870 


39, 


.9 


1075.4 


899.1 


591.4 


221673 


53965, 


.32670 


551, 


.4894 


-79, 


.1123 


4, 


.9 


201 


.2 


146, 


.25 


167, 


.3 


111, 


,8 


-0, 


.99863 


35, 


.3 


296.7 


247.5 


167.4 


221673 


53986, 


.27129 


552, 


.1597 


-79, 


.8650 


6, 


.3 


109, 


.4 


146, 


.83 


91 


.6 


60, 


.1 


-0, 


.99205 


35, 


.6 


199.6 


168.2 


113.2 


221673 


53991, 


.28888 


551 


.8293 


-79, 


.7872 


13, 


.9 


217, 


.3 


151 


.89 


191, 


.7 


103, 


1 


-0, 


.98825 


37, 


.7 


315.3 


278.7 


152.2 


221673 


54005, 


.20826 


552, 


.7337 


-80, 


.5138 


17, 


.9 


1173, 


.3 


144, 


.70 


957, 


.7 


678, 


1 


-0, 


.99948 


39, 


.3 


1531.7 


1250.3 


885.7 


221673 


54007, 


.21609 


552, 


.3667 


-80, 


.2662 


4, 


.8 


235, 


.0 


146, 


.27 


195, 


.5 


130, 


,6 


-0, 


.99900 


35, 


.3 


336.1 


280.2 


188.9 


221673 


54029, 


.19479 


552, 


.4126 


-80, 


.5909 


15, 


.0 


131 


.5 


152, 


.99 


117, 


.3 


61, 


.2 


-0, 


.96157 


38, 


.1 


221.0 


197.6 


105.9 


221673 


54279, 


.48952 


552, 


.4951 


-85, 


.0218 


3, 


.8 


87, 


.2 


151, 


.03 


76, 


.3 


42, 


.4 


-0, 


.99471 


35, 


.2 


180.1 


158.5 


92.5 


221673 


54285, 


.49505 


552, 


.9978 


-85, 


.3929 


14, 


.1 


372, 


.7 


154, 


.55 


336, 


.6 


160, 


,7 


-0, 


.99526 


37, 


.7 


504.3 


455.7 


219.4 


221673 


54300, 


.41432 


552, 


.1334 


-85, 


.1757 


6, 


.4 


256, 


.8 


147, 


.43 


216, 


.4 


138, 


,4 


-0, 


.99849 


35, 


.6 


362.0 


305.7 


197.2 


221673 


54350, 


.34574 


552, 


.8836 


-86, 


.3918 


4, 


.3 


131 


.5 


159, 


.08 


122, 


.8 


47, 


.1 


-0, 


.99530 


38, 


.6 


221.0 


206.9 


86.8 


221673 


54376, 


.24276 


552, 


.5559 


-86, 


.5712 


5, 


.1 


215, 


.2 


153, 


.05 


191 


.8 


97, 


.6 


-0, 


.99828 


40, 


.0 


312.8 


279.5 


146.2 


221673 


54653, 


.45217 


553, 


.6985 


-92, 


.1632 


24, 


.0 


2079, 


.0 


148, 


.10 


1765, 


.2 


1098, 


,8 


-0, 


.99967 


42, 


.4 


2706.3 


2297.7 


1430.6 


221673 


54678, 


.38762 


553, 


.0523 


-92, 


.2873 


13, 


.4 


732, 


.2 


148, 


.58 


624, 


.9 


381, 


,9 


-0, 


.99915 


37, 


.5 


962.1 


821.3 


502.6 


221673 


54741, 


.26504 


553, 


.9814 


-93, 


.8159 


9, 


.9 


539, 


.5 


157, 


.03 


496, 


.7 


210, 


,7 


-0, 


.99870 


36, 


.4 


715.2 


658.6 


281.1 


221673 


54748, 


.24700 


552, 


.7592 


-93, 


.2839 


19, 


.0 


1071, 


.7 


157, 


.43 


989, 


.6 


411, 


,8 


-0, 


.99875 


39, 


.8 


1400.2 


1293.1 


538.7 


221673 


54762, 


.20752 


553, 


.1224 


-93, 


.7379 


25, 


.2 


1864, 


.2 


156, 


.99 


1715, 


.9 


729, 


1 


-0, 


.99929 


43, 


.1 


2427.5 


2234.4 


949.7 


221673 


54776, 


.17063 


554, 


.0054 


-94, 


.3155 


36, 


.5 


391, 


.2 


157, 


.92 


362, 


.8 


150, 


,9 


-0, 


.96536 


50, 


.6 


527.5 


489.2 


203.7 


222842 


54343, 


.42036 


-770 


.8249 


139, 


.0081 


42, 


.7 


1642, 


.4 


169, 


.94 


1617, 


.2 


289, 


,9 


-0, 


.98874 


166, 


.0 


2139.7 


2107.0 


407.9 


224930 


53243, 


.35715 


-615 


.0169 


-480, 


.7104 


26, 


.0 


885, 


.7 


21, 


.70 


823, 


.0 


328, 


,3 


0, 


,99637 


104, 


,8 


1159.9 


1078.4 


439.8 


224930 


53687, 


.21451 


-732 


.3355 


-366, 


.6561 


22, 


.2 


130, 


.1 


33, 


.37 


109, 


.3 


73, 


.9 


0, 


,93384 


91, 


,3 


219.6 


190.1 


142.8 


224930 


53699, 


.10666 


-745 


.6906 


-368, 


.9391 


18, 


.0 


224, 


.3 


19, 


.70 


211, 


.3 


77, 


.5 


0, 


,96910 


76, 


,8 


323.5 


305.6 


130.8 


224930 


54376, 


.37317 


-840 


.3871 


-218, 


.3862 


26, 


.2 


419, 


.5 


175, 


.80 


418, 


.4 


40, 


.3 


-0, 


.75862 


105, 


.5 


563.0 


561.6 


113.0 



Note. — All quantities are in the ICRS 2000.0 reference frame. The uncertainty values presented in Columns 5-10 have not been 
rescaled, whereas the values in Columns 11-15 have been scaled according to the correction formula presented in Section |4l Column 1 
is the star's HD catalog number. Column 2 is the heliocentric modified Julian date. Columns 3 and 4 is the differential right ascension 
and declination between A and B, in milli-arcseconds. Columns 5 and 6 are the formal Icr uncertainties in the minor and major axes of 
the measurement uncertainty ellipse, in micro-arcseconds. Column 7, 0e, is the angle between the major axis of the uncertainty ellipse 
and the right ascension axis, measured from increasing differential right ascension through increasing differential declination (the position 
angle of the uncertainty ellipse's orientation is 90 — (/>e); this is to be used with either Columns 5 and 6 or Columns 11 and 12 — the 
uncertainty scaling operates on the ellipse major and minor axes, and thus does not change the ellipse's rotation angle. Columns 8 and 9 
are the projected formal uncertainties in the right ascension and declination axes, in micro-arcseconds, while Column 10 is the covariance 
between these. Columns 11 and 12 are the rescaled Icr uncertainties in the minor and major axes of the measurement uncertainty ellipse, 
in micro-arcseconds. Columns 13 and 14 are the projected rescaled uncertainties in the right ascension and declination axes, in micro- 
arcseconds, while Column 15 is the covariance between these. Column 16 is the number of scans taken during a given night. Column 17 
is 1 if the longitudinal dispersion compensator was in use, otherwise. Column 18 is 1 if the autoaligner was in use, otherwise. Column 
19 represents the tracking frequency of the phase- referencing camera. Column 20 is if the measurement is consistent with the other 
measures, 1 if a fringe ambiguity is suspected (the measurement is in error by ~ 4 mas), and 2 if it is a significant outlier but not of the 
fringe ambiguity variety. 



